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4, .. • A3 STRACT

This report describes upper atmosphere research at the Naval Research
Laboratory during the last three quarters of 1947 and the first quarter of , :
1948. A. detailed study of the molar spectra obtained during the V-2 flights . .

of October 10, 1946, and March 7 and October 9. 1947, is given. The ex-
periments performed in the missiles fired on May 15, July 10 and October 9,
1947, and January 22, 1948, are discussed. A description is provided of O •.*
the experimental techniques and apparatuses which were employed. Results .
in cosmic ray research and pressure and temperature studies are presented.
"A mathematical analysis of the geometry of cosmic ray Geiger counter tele- -,\' '.
scope$ is given.
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:'4, STATUS 0 TRM PROBLFMS

This is an interim report on the problems listed below; work on all
these problems Is contiming.
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tWPER ATHOSPHSRR RESUMElO *.

RNPORT NO. V

INTRODUCT ICu

The Naval Research Laboratory conducted upper air studies In four of
the six research V-26e which were fired by Army Ordnance at Its White ~
Sands Proving Ground, between May 15, 194?, and January 22, 1946. On only
one of these four flight@ did the V-2 deliver the research instrumentation

.4,- 4 into the upper atmosphere In operating condition while providing a reason- -

ably stable platform from which to make measurements aid observations.
This was almost a couplete reversal of the Laboratory's experience In Its
first five V-2 firings. Only one of these had resulted In a poor flight
from th. standpoint of the requirements of the upper atmosphere researoh

*4.;-. program..

Dur'ing this period a comprehensive analysis of the ultraviolet speo..
trum of the sun was completed. Solar spectrograms were obtained by the --

Laboratory on three occasions during the first tvo years of rocket- soxkte
resea--ch. These spectra, exposed on October 10, 1946, and March 7, and
October 9, 1947, were all analyzed In great detail. The findings will be
published In Ma Ask ~hZuia snurnal.1  This paper is reproduced here In 4

Chapter He. An analysis of the geometry of comi ra ounter telescopes
was published in M& Reuiewat Sitnitift Intramnt- 3 and Is presented
here in Qhapter V. Special attention was given to the main problem of O
rocket Instrumentation. In particular, means for accurate determinatton.
of aspect were Investigated.

A fresh approaah to the problem of studying the Ionosphere was made on
July 10, 1947, vhen two new experiments were attempted for the first time.
They made us* of a positive ion gage whiob was mounted at the nose of the
missile and a generating voltmeter which was installed In the midsectios.
Theo* experimentr will be reported upon later. An account of the presosloeS

'~ 4.. measurements made on January 22, 1948, Is given In 0 hapter VI. The pres- '

to be made at very high altitudes during midwinter.

The many 'problems which are associated with the use of a cloud chamber
are further multiplied and corplicated when this delicate instrument Is ..

operated in a rocket. The difficulties were overcome, to a large extent, V.

cloud chamber photographs of cosmic ray events ever taken above the earth's "
atmaphre.Oneof hos, eposd a analtitude of 145 kilometers. ap-pear tothePronispace ChpterIV ontinsa description of the cloud

anddisussonsof he ounertelescope studies which were made
on iMat Jan ar and 1948y On, th t d er4bti ed te.i s

2Xome Be 9wels Jrs in §Al k~t. 12, 384, (1948).

%%%--.
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THI 7IErT. SIXTH AMD SRTVM OTOL•IS 0 V-2 ]IIRINGS

The fifth cycle of V-2 firings was to have began vith missile no. 35.
Actually, the fifth cycle1 consisted of T-2 no. 36, launcehd on may 15, 19479...'.•'
while missile no. 25 was not fired until the end of the seventh oycle, on

P%•' April 2. 1948. In the months between,oight additional V-21s, Including
five upper atmosphere research rockets, were flown.

Five of the seven research missiles launched in the* three cycles
_,• carried scientific equipment Installed by the Naval Research Laboratory.

This report 4eals with all but the last of these five flights. The eassen-
titl details of the firings in the three cycles are given in Table I. The ...--
four flights treated in this report will be 6oscribed In somewhat greater
detail.

-The sivsle upper atmosphere research rocket of the fifth cycle was '... ..--. :
launched at 4:10 P.M., M.S.T. on May 15, 1947. Soon after take-off the
missile began to turn toward the east. An oxplosion occurred in the rocket *. -

"after sOty-four seconds of flight when the rocket had an altitude of
"thirty-three kilometers (twenty-one miles). The cause of this accident was
not deteamined. The rocket reached a maxim altitude of 135 kilometers
S(84 miles) and landed near Alamogordo. The spectrograph, the comic ray
recording camera, the two 1-25 cameras mounted In the midsection, and the
two gun "wras mounted In the tall were all recovered.

A1 available evidence points to the fact that no power was supplied
+-.•, to the research Instrumentation after the explosion. No tolenetoring trans-e'.•'-.

mission was received after this time. The cameras were exaineod and it was
found that their motors had stopped simultaneously when the mishap occurred.

"":l. The sixth cycle opened with the launching of V-2 missile no. 291 on

Jnly 10, 194?. Beginning with this firing more elaborate methods and
apparatus for predicting the location of the Impact area were omploed. It
became clear very early in the flight that the rocket would land outside.
the firing range if powered flight were allowed to continue until the fuel

was spent. Accordingly, the JUL emergency cutoff system2 was used to

1This was actually the tventy-fifth Vhite Sands V-2 launching, and the

twenty-sixth missile expended, the first missile having been expended in a
static firing test. Due to postponements, etc., missile numbers bear no
direct relation to the firing order after the fourth cycle.

".Of. Naval Pe~earch Laboratory Report No. R-2955, OaLpter 1I, Section B.

him-
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5tUUAT OF Tni luFTE, SIXTH AND 3EINTU CiCLst 01 i-a Flivas

May 15. 1947 thrgh April 2. 194 0

Nis- Altitud 11Wc-- - .

"7riz1 ilep Date Reseacoh Agencies K m. . i. Remarks,

28 6 May 15. Naval Research 135 84 72 48 Internal explosion oce'irrod 64 ***conde
1947 Laboratory after take-off. Ic research equipet .

operated after this time. Complete re-

.t. covery veae effected.

Ths Slyth CYAI1e

26 29 July 10. Naval Research 16 10 3 2 3 .rgeacy cutoff applied 32 seconds
"1947 Laboratory after take-off. Nothing of veaue re-

oovered due to impact explosion.

27 30 July 29. Applied Physice 161 100 5 3 SOoessfal flight. lRecovey very sat-
1947 Laboratory isfactory. -

%'' 26 27 Oot. 9, General Ileotrie 156 97 51 32 Iteoiral ezplosion occurred 84 seconds .

S'. 1947 company. Signal after take-off. The OL epeotrograph .

Corps. Naval Re- did not operate after this time; but,
"search Laboratory it we recovered In good oondition.

"29 Nov. 30. General ilectric 22 14 3 2 locket power plant failed after 39

1947 company seconds of flight. Amerioan-ande oon- -.

_.6 Dc8 AiM ere10 6 45 2 ponents fucationed eattsfactortly. "

3.0 8 Dec. S. Air Materiel 105 65 45 28 Nzoeptionallaytable flight. '

A "-1947 Command %d

111 U4 Jan. 22, Naval Research 1.59 99 77 49 Attempt to spin rocket wae unisuccess-
1948 Laboratory ful. Coemio ray cload chamber photo- .. '.

graphs were obtained for the first ' -
time on this flight.

32 36 leb. 6. General Electric ill 69 5 3 Successftl flight.
1948 Company.

3, 39 Mar. 19. General Blestric 5 3 3 2 Low altitude attributed to failure of

"1948 Company one of the rocket motor components.

34 25 Apr. 2 Sigmal Corps, Naval 145 90 77 48 Very successful flight. Control
1948 Research -uboratory chamber blowoff resulted in excellent -

recovery.

k''f

'f_ . ,- '.,'" -".
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Fig. 1 The explosion reuu1tin� from the impact of the V..2 fired on July
10, 1947. Tk�iu viev was taken from the blockhouse area, more tftan two and
one-half kilometers away. . - - a.*

K

4 ;--' aJ -

-w. w' - *w �w **w w - - --

...................... . -a *.........................a a
a a

. .a..hh - a - .

Sa 'a,. N

-a . . - ***a.,�.. � XX\ "a � - a . a,
a.- . . . ..... N � ..... �a.a -* *

� a.�.,. .aa.a�-a'a. � .a�.., ,* N �a *. i-a... - 'a -. - 'a



terminate the operation of the rocket motor thirty~-two seconds after take-
off. This V-2 reached a maximum altitude o: only sinteen kilometers (ten
miles) after seventy seconds. of flight. The unusual nature of the flight
made it impossible to blow off the warhead.. As a result, the rocket landed0
Intact, Mt a distance of less than 2,700 meters from the launching platform.

* More than four tons of propellant yore in the tanks when the impact occur-
red. The explosion (cf. Fig. 1) which took place precluded the possibility
of recovering anything of value.

V-2 mismile no. 27, originally scheduled to be fired on June 13, 194?,0
was launched at 12:15 P.MK., MS.T. on October 9. 1947. This rocket devel-
op.d a spin of fifty-seven rpm during the ten seconds before Brenzlschluss.
Anl internal. explosion occurred at an altitude of sixty-five kilometers
(forty miles) after eighty-four seconds of flight. The spectrograph motor
did not operate after this happened. The instrument was recovered, however,
and in good condition.

TRAJECTORY ALTITUDE AND VELOCITY Vb TIME
1Q170 T- 170

ISO ----- -- d *--- -------- 150 1600-A- ~ V

140 1010

130 1----' - --- - 30 10

120 1201-0

~I00 j--I -i

970 -j- 0

> 9I
I so 00 0

UJ > 200

500 -50

0 10 2030 40 5060 7080 0 50 100 I50 200 250 300 350 400 450
HORIZNTAL ANGETIME AFTER LAUNCHING

IN KILOMETERS IN SECONDS >

Fig. 2. Trajectory information for the V-2 flight of Januasry 22, 1948.
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The first V-2 to be fired In 1948, the eighth Naval Research Laboratory
* rocket, was launched at V1l2 P.M., M.S.T. on January 22. An attempt was
* ~made to Introduce a one rps spin Into the rocket's motion by means of four -

Jato units mounted in the midsection. These appear to have fired at the r
pro~per time shortly after Brennschluos. The telemetering record showed
that the firing signals actvally were given by the timer, and some observers

* reported that they had seen puffs of smoke issuing from the rocket at about
this time. Telephotographe of the flight did not show the smoke puffs, how'
ever. The jato shells were recovered In a condition which Indicated that *.--- .--

the units had fired. Nevertheless. the ror'.ket spun at the rate of only two* *
rpm during the free fall period.

A 'maximum altitude of 159 kilometers (99 miles) was attained after 232
seconds of flight. The signal for warhead blowoff was given by radio at

- 310 seconds after take-off. It was also given fifteen seconds later by a
timer In the rocket. The instrumentation and the telemetering continued t3
operate, however, until the rocket apparently exploded after 409 seconds of >.'-v'

flight at an altitude of only 400 meters. Detailed trajectory Information ' -'
*appears In Fig. 2. The cosmic ray cloud chamber film was recovered, The S

warhead imspact crater can be seen in Fig. 3, and. the cloud chamber film
- canister Is shown in Fig. 37.

Fig.~~~~~S.-* 3. Th matcae-dgb h aha

of~~ th - iedo aury2,14



ANALYSIS OF TEM FIRST ROCKET ULTRAVIOLIT SPECTRk) - --

by

1. Drand, J. J. Oberly and R. Tousey"

Solar saptora obtained from V-2 flights on October 10, 19462,3 and -

March 7, 194"t s-, were analysed. The spectrum in the hitherto unobserved"
region from 2900 A to 2300 A was found to be Intensely complex and filled
with unresolved blends. The low resolution (1.5 A) made positive Identifi-
cation difficult In many iustances. Tables showing the wave length, visual
estimated intensities, ohbareter and Identification of the lines observed
are given. Reproduction of densitometer traces are given and part of the 4.

spectrum to shown replotted. on an intensity scale. , ,

Certain multiplets of Pe I, 7e I, St I, and Nn II appeared in great
strength. Four lines, Si 1, 2882A, Mg I, 2852 A, Mg 11 2803 A, and Mg II
2796 A, were very broad, similar to H and K of Ca I. The Ng II pair show-
ed a central core of emission of great strength. The structure between
2200 A and 2300 A could not be Interpreted in terms of atomic lines, and /.
may be caused by atmospheric bands of NO. ......

INTIN I- Introdluct ion

The first successful attempt to photograph the san's spectrum from -. 4'. %-., ~~above the ozone layer was made at White Sands, low Mexico, on October 10, '"Z.-.'-.

1946,2,3 using a vacuum Crating spectrograph designed at the Naval Research
Laboratory and Installed in the tail fin of a German V-2 rocket. Radiation

- This article has been accepted for publication in the Astrophysical Journal. ".'- ,
l1 ead of the Micron Wavee Section of the Optics Division. This program wa s. .- ,.

carried out jointly by the Micron Waves Section of the Optics Division, £. . N.,""',
0. Hulburt, Superintendent; and the Rooket-Sonde Research Section, H Z.
Newell, Jr.,Head, of Radio Division I, J. M. Miller, Superintendent.

2 . A. Baum, F. S. Johnson, J. J. Oberly, C. C. Aockwood, C. V. 5train, and.-
R. Tounsey, Phys. Rev. M0, 781 (1946).

3 Naval thesearch Laboratory Report To. h.3030, Chapter IV, Section A. %N

4/. D)urand, J. J. Oberly, and R. Tousey, Phys. Rev. 71 827 (1947).

5 Naval Researeh Laboratory Report No. R-3130. Chapter II, Section A.

6Naval Research Laboratory Report No. R-3171, Chapter V.
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was observtd. dgwn to avelezth as shot as 2100 A.A second flight on 7 ~
March 1947 *gavo spectra of cons iderably Improved resolution. Duiring
April of that year the Applied Physics Laboratory of the John& Hopkins Uni-
versity launched a rocket carrying a spectrograph equipped with a servo-
controlled mirror designed to track the sun In on* axis. An analysis of
the excellent spectra they obtained has now been published.7 A third
successful flight with a Naval Research Laboratory Instrument was irAde on

* ~October 9, 1947. This report is an extenision of the analysis already pub-
lisbed4 of the spectra obtained on the flights sponsored by this laboratory.

SECTION II - The Spectrograph

The spectrograph was designed at the Naval Research Laboratory and
built by Baird Associates In Cambridge, Massachusetts. It is shown In Jigs.
4 and 5. It has previously been described In detail3.8 but since theme
reports are not generally available a brief description will be given here.

The rocket is vertical when launched, and remains so during the accel.-
erating period of about one minute. ?or the balance of the flight It Is
uncontrolled and Its orientation with respect to the sun may vary greatly,
depending on Its chance residual angular momentum at fuel burnout. For mid-
day flights, the spectrograph is mounted with Its cone axis vertical in
either the east or the west tail fin. It is provided with two optical
entrance axe3, one aimed north, the other south, pointing to the @sn. Both
axes are 450 down from the zenith, Zither axis may be used to obtain spec-
tra, the former serving, If by chance the rocket rolls 1800 about its axis.

To increase further the acceptance angle of the spectrograph, 2 mm
spheres of lithium fluoride are used to collect radiation in place of the
usual condenser and slit or the ground qu~artz diffusion plate and. slit
that bas been used on other rocket spectrographs. 7 A solar image - about
0.013 ma in diameter - Is formed behind the spheres and acts effectively as
a narrow slit.

This arrangement permits useable spectra to be obtained with the sun77
&as much as 700 In any direction away from either axis. It suffers from the
drawback, however, that there is some defocussing for large angles, and that
changes In solar position during an exposure produce a displacement of the
solar image and a blurring~ of t.he spectrum, especially for displacements
parallel to the dispersion. Th,. advantage In speed over the diffusing gym-
tea, however, in tremendous.

N* 4

1%.

7John J. Hopfield and Harold E~. Cleau-man, Jr., Phys Rev. ~,877 (1948).

8Naval Research Laboratory Report No. 2955, O'hapter III, Section K.
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After leaving the bead, the radiation falls on a small mirror and Is
reflected back to a concave grating at the apex of the cone. The grating,
whose radius of curvature is 40 cm, to ruled with 15,000 lines per inch on
aluminized glass. It focuses the spectrum on the 35 = film which lies on0 0
the Rowland circle at the base of the Instrument.

The spectra from the two beads are displaced to either side of the -. .*

median plane by a slight tilting of the small mirrors. If plane mirrors
are used, the spectrum lines will be about Ilm high because of the astig-
matism. characteristic of this mounting. If cylindrical mirrors are used,
the astigmatism my be entirely eliminated at one wavelength and greatly
reduced at other wavelengths. The resulting reduction in height of the
spectrum Increases the photographic density obtained for a given exposure
and usually reduces the blurring action referred to above. On the other
hand, densitometry of the spectra becomes most difficult because of the
changing height of the spectral liner at differrnt wavelengths. There Is
also some lose of effective resolution because of the graininess of the
photographic film.

In spectrum 31o. 43 taken at 75 km on March 7, 1947 the roll of the
rocket during the exposure was such that the spectrum moved perpendicular

* ~to the plans of dispersion. This fortunate chance gave a resolution nearly
as good as the best obtained In the laboratory, &Md most of the analysis

* ~presented in this report was based on this particular spectrum. It is re-Ž--~
produced In Pig. 6.

3100 5000 2900

002902800 2700

2800 2700 2600 2500

7ig. 6. Solar ultaio5let' spectru[from318 Ato25A.NethMgI

emission lines at 2796 A and 2803 A (line 3 of the spectrum).
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The Instrument was equipped with a motor driven shutter and f ilm trans.
port mechanism which automatically provided exposures of 0.1, 0.6, and 3.0
seconds. T his exposUre cycle was repeated over and Over until the rocket
was Well past the top of the flight,, after which the remaining film, If -

say, was wound up into an armor steel cassette. asetman ultraviolet sensi-
tized type 103-0 film was used. .\

M3OTION III - SU)~ Spectra

Because of the changes In rocket orientation referred to above. amany
of the spectra were either blurred or of low density, Densitometer traeos
of three of the best spectra are reproduced In Fig. 7. '

Fla. ?A Is the trace of the high-resolution spectrum of Jig. 6. p~

Fig. 73 is the trace of a spectrum taken at 35 km on October 10. It
was not used In the analysis, but Is of Interest since It shows the short-
eat solar wavelengths observed - 2100 A or less -and also abhew the often-
predicted $window$ In this region between the absorption bands Of 02&and 03.
The radiation between 210A and 26.30 A, is absorbed by the residual ozone.7 7
above the spectrograph.

Jig. 70 Is the trace of another October 10 spectrum, taken at 55 km.

At this altitude loes than 1% of the total ozone remained between the In-
strument and tesun so that the entire spectral region obscured at 35 km
may be seen.*it

NOTIONLIT V avelengths

Mostof he aveengh deermnatonsarebased onY 1 sual. comp~arator
observations. A few unresolved and week lines showing uip on the tracings
In the short wavelength regions were taken from the densitomv'Vr traces. V,

' These are denoted by a D following the observed wavelengths in .C'ableI. .-

Several determinations were made by Independent observers. The con,-
stent. for the wavelength equations were chosen to give the best overall fit
for fourteen strong lines of Fe I sand To II distributed through the spiectrwm. '

The probable wavelength error for other lines varies from 0.2 A to 1.0 A V/

depending on sharpness and freed*& from blending.

9ThIs film together with others taken at different altitudes on th& s"ae
flight were used to determine the vertical distribution of ozone In the
earth's atmosphere.6

3.2
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fig. 7.VELensitomisterO tacings of solar spectrum. (A) Spectrum So. 43
taken at 75 km on March 7, 1947. The blisters which may be seen on Fig. 6
at 2670 A and. 2970 A are shown by the word FILM1 and. a limit bracket. (B) ~
Spectrum No. 23 taken at 35 km on October 10, 1946. Compressed wavelen~gth g

scale used. to emphasize the "humpm near 2200 A. (C) Spectrum No. 29 tek-on
at 55 km on October 10, 1946. Below 2415 A the resolution of No. 43 In :

inferior to that of No. 29 because of Its very low density.
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Most of the intensity estimates ar vial. The scale to similar to
that used in the revised Rowland table. which mans that it Is an approxi-sate measure of the central core intensity and width of the lines. A co-n.
pstative study of the rocket spectra, the Rowland Table, and a trb,1e of
solar line prepared by Naboock and Koore from Mt. Wilson plates1 1 showe. -that the weakest observable lines in the rocket speotra corresponded-.. roughly to a Rowland intensity 3 while the strongest line had a Rowland in- 'tensity of about 1000. Between 2650 A and 2388 A the numerioal estiaLteswere dropped beoause of low density. For this region the notations in S ""Section VII are used. Below 2388 A it was considered that the resolution
of the spoetris of PiL. 70 vas superior to that of Fig. U. etnco the high* " density ae a greater freedom from graininess. Tor this region the former
spectrum was used and the numerical estimates were resumed.

The spectrum in the rocket ultraviolet region is nore complex than S .. ,that in the previously known region. There are several regions (e.g.,
2500-2580 A, PIC. 7A) in which the overlapping of naay strong lines pro-"duo*s a large general depression of thb spctrusm, muoh that the location of"the background oontismous spectrum ca" only be Urmised. Certain anomalies
in the visual estimates in noh regions resulted. T ypioal examples of this
effect are cited in Section VIII.

I- dentificat ions

The features to be identified are listed in Table II. A Finding List jcontaining about 1200 entries arranged according to wavelength ws prepared&.
Theme entries represented the classified lines that might be expeoted to
show up at the available resolution. Most of them were taken from unpub-
lished nultiplet lists which Dr. 0. 1. M. Sitterly of the National Bureau

-~~ of Standardmis using for the preparation of her new Violet Multiplet Table. *
The finding list was compared with the list or observd features andthe likely contributors to each observed line noted. In some oases the

major contributor or contributors were easily Identified but more often
there were found to be several possible contributors.

A careful study of multiplet relations and laboratory Intensities wasmade to determine the relative importance of the various contributors. In -Col. 3 of the table probable major contributors are Indicated by the symbol *'• .
# preceding the element abbreviation. Absence of this symbol means eitherthe line is minor (less than 2W•) or that evidence of its importance is to.-
lacking. In cames of several possible contributors with little evidence asto relative Importanoe the laboratory wavelengths and Intensities are omittsd.

"10Revision of Rowland's Proliminary Table of Solar Spectrum Vavelengths.
Carnegie Institution of Washington. 1928.

""Atrophys. J. Nt. Wilson Contribution. In press.
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,-'09 II -Symbols Used in Table 11

Column I- Observed, Wavelengths.

1. Linea seen by four or more observers are oonsidmered ortain.
1)oubtftl lines are Indicated, by I following the wavelength. Doubtful
lines showing clearly on donsit,•-o•o ta a i indiated by D fol-
loving the wavelength.

"2. This symbol link. two wavoloe•t which form the oxtreoes
of a broad, absorption line or depressed feature. Wavelength@

) listed, between the oxtromes Indicate imtorawl structure,. -

,r4...o- .,.

"Colum n -1 Obserorvo Intoaxeis.

1. lumerical values raft* from 3 for the weakest observable line p ".
to 1000 for the Strongest.

a. In certain low density region* the moerioml scale was dropped.
The notation* nsed, and their approzi=to unoerio•l equivalento are as
follow$s

st (strong) greater than 40
Nd (modium) 20 to 40
Vk (weak) losess an 20

3. The following letters appearing after the Intensity ostiuiates . -'.

Indicate special characteristics:

n - wide line - probablv a blend of contributing lines separatedo
by 2 A or lose.

N - wide line - mere thaa 2 A. Usually used in conjunction with
the parenthexis symbol in the wavelength column.

A? -may be doublo..c' :
v - the lime it &a tirerfeotly reevoled, violet component in the

wing of a straongs line.LvIm of a s trone' line. _-.-

r - the line Is an iaperfecy resolveA red compomsent in the wing
of a st-oo , Ii.,

Bn - emission line. •*"-',*".'.'-'

so line - Intensity mliniu at the base of an mnission line.
a' . -•_ " % .

"Columi III - spectrum

1. * donotoe a major contributor. -.. '

Wa "W -W- . WW a* W

*,,

-- 9. \ * *-*-°- '-• -- \*" "*I- .- " . • ; ' " -•• J " w • , " .
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0glumn IV - Laboratory Wavelength ,-.

1. * This symbol indicates the eximtence of another line of the same
spectrum having the same laboratory vavolongth.

0olumn V - Laboratory lntmenities

1. Intensities were taken from Mrs. Bitterly's multiplet lists (See
Section VT). A discussion of her general notation and th. types o
scals used may be found on page XT of her Revised ailtiplet Tle.

Column VI - •ultiplet lumbore L

1. Thoeg are arbitrary numbers assigned to the multiplets for referenos

purposes. See Table III. These ambers are also used to identify
certain multipl°ts in the text, e.g., 1P I 9 stands for multiplet #9
of the re I spectrum.

=20'11 - Multiplete of Intereot'.-4

A number or iuportant multipleto are shown in Fig. 7U. Many others may
be picked out from Table II by reference to the multiplet numbers. Among
the more important multiplots are re I 9 and Si I 1, which combine to pro-
duio the large depression in the spectrum between 2500 and 2550 A. A care-
,l examination of these two strong multiplets reveal snome of the diffi- ..

culties of visual observations of the original spectra. For example, the
two weak lines listed at 2514.5 A and 2516.2 A are attributed to 2514.32 -,

"and 2516.11 of Sit 1. They should be very strong. Reference to the densi-
toaster record of Fig. 7A shows that those lines combine with a broad line
at 2518.7 A to produce a large depression in the spectrum. The apparent "

S weaokness then comes from the close proximity of these lines to each other
and to other strong lines. Also note that 2518.7 and 2523.0 are broad and

N.: flat bottomed. In contrast, other lines in this vicinity are quite sharp.
This Is clearly duo to the fact that each of *.aeo lines it double, each

Sreciving strong contributions from both Si I 1 and Fe 1 9..

A second interesting pair of multipleto is Fo II 1 and Mn II 17, near
2600 A.. REah of the thirteen lines of the Fo II multiplet In resolved as

A4 •well as tvo of the three Mn II lines. The third Mn line wa seen by some
observers as a shoulder to the violet side of the Fe line at 2607 A while
other observers saw the two as a single line. The donsitometer truce shows
that the shoulder is well defined and that both lines are definitely present.

MOTION U - Energy Distribution

Intensity calibration marks were put on each film prior to the flight
using a carbon arc as a source of radiation of known energy distribution. "

"ChObarlotte E. Moore, *A Revised Malitiplet Table of Astrophysical Intorest',
Prinmeton Univorelti Observatory, Oontibution No. 30. - --.
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A curve of the solar energy distribution am a function of wavelength, de-
duced from the October 10 spectra, has already been published.5 pig. g is
a similar curve based on the March 7, 1947 spectra except that the aboorp-
tion line structure Is reproduced in more detail. Intensities are plotted0
as percentages of the intensity values for a 60000 K black body. The black
body curve wasn adjusted so that its maximum coincided with the maximum of

* the solar intensity curve at about 4800 A and the Intensity at this point
* vae taken to be 100 percent.

The March 7 spectrograph used a cylindrical mirror, so that the cali-0
bration spectra exhibited the change In width referred to In Section II,
Deneitometry of these spectra was so difficult that it was finally &bani-
doned, and the H and D characteristic curves of the October 10 film were

* used Instead.

Develop ing conditions were carefully controlled. and the two films
were from the same emulsion lot. The uncertainty in film contrast )
value Is therefore probably loes than 10%1. F'or the density range of 1.9

b% represented in Fig. 8, the maxim=m uncertainty would be 0.19 In donsity,
0.125 in log Intensity, or 0.10 in Intensity.

Of particular interest in Sig. 8 Is the region surrounding the great
Mg II pair at 2803 and 2796 A. The wings of these two lines clearly ez-
tend out 25 A or more to either side and may extend much farther still.
Presumably, this magnesium absorption occurs deep In the reversing layer

* where prassure broadening effsects are large.

60c -80

'~70- 70

0 z0

0* 50 (n -50
o

*14 FeI Fef

M 40 40 0

030 30 0
0 0

>- 20- 20 >-

zz
10- 0 )

0 z0
*2600 2650 2700 27'50 2800 2850 2900 2950

4 ~WAVELENGTH--ANGSTROMS0

Fig. 8. Spectrum No. 43 replotted on a linear intensity scale relative to *

Intensity of a black body at 60000 K.
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In the "bottom' of the absorption valley three maxima may be noted.
STwo of these coinede within a fraction of an Angstrom with the known wave-

lengths of the magnesium lines and are undoubtedly duo to the emission of
these lives in a high temperature, low pressure region high in the sun's S Si
atmosphere. The third peak in the center it the result of the intersection

S.: of the rising elopes of the two broad absorption lines. It Is Interesting
to note that in Jig. ?A, the emission peaks are pointed, correspondin, to
"the characteristic response of the spectrograph for isolated lines, while
the third peak is of a rounded nature. The intensity minima to either side .-

of the mission lines are obviously not central cores of true absorption
lines. T hey are listed in Table II with the notation 'no line".

Dr. D. I. Mongel of Harvard predicted that these emission lines would
be found in groat strength. He also was the first to point them out in the-
rocket speotra. In the previously known regions of the solar spectrum, only
R and I of Ca II show emission in the total sun, and they are week in com-
parison with the Ng 11 pair.

"The shape of the Mg emission lines is undoubtedly determined primar-
"Ily by the response charactoristic of the spectrograph. 2803 A shows up
as would a very sharp line. There is some suggestion, however, that 2796 A ".-
may ba slightly broadened, indioating a true line-width of the order of 5k' i
1 A. The true intensities of these lines must be somewhat greater than is
"shown in Fig. 8, and they might be several times greater.

*• • a a g, ..u a - D-f l|

The concept of the band interpretation came about from the failure -
. of an attempt to explain the structure between 220 A and 2280 A in terms

"of atomic lines. A large number of lines of So I and Pe II exist in this .
region but no assumed values of multiplet strengths were able to account
"for the observed structure. For instance, although the region between

• .- " 2255 and 2279 A to clearly depressed below the regions to either side, "' ...
one can find no corresponding Increase in either the number or the strength
of the Fo lines in this region. Other regions that may be caused by bands
lie from 2440 A to 2470 A and from 2205 A to 2221 A, although part of the
"tructure in the latter region may be caused by the multiplet Si I 2.

"It Is not the purpose of this paper to analyse the possible band
spectra involved, but it night be noted that there does exist a strong band -
of nitric oxide centered at 2264 A. Leifeon1 3 has shown that a layer of NO.
only 0.5 -m thick (NMP) produces appreciable absorption in this band. The
spectrum of Fig. 7G was taken at 55 km, at which altitude the residual at-
moephere above the spectrograph was equivalent to about 5 meters of air at
NTP. Consequently, an average concentration of only 0.014 of JO in the
outer atmosphere would be detectable.

13S. W. Leifeon, Ap. J. •, 73, (1926)

................................... . .. .

:' ' . * . . - '-- . * . * 18 *. .. -. . . . . . ..

. . . .. . . . . . . . . . . . . . . . . . . . . . . .

181

• _!" qP' ... _'•__ _ _ 'w•- " "•• -•m m _m v • " .0



.- ~ -. -~ ~~ FE~ -*.'*~ ~ 7 ~- -r. •JJ.°.

NOTES FOR TABLE II

Most of the following notes serve to call attention to features on the,..
densitometer traces of Fisure 7 that are not apparent in Table nI. All refer-
ences to structure apply to Figure 7. . , !

2966.0 Wavelength discrepancy possibly due to blister on film. • V. .•

2923.7 - 2917.7 Depressed region. Probably contains V II 13 and 14
and others.

2893.8 - 2886.5 Depressed region.

2878.5 Probable error in visual wavelength caused by neighbor- -
ing Si I line.

2865.0 - 2840.0 Wings of Mg I 1, 2852.12 A. Several small inflections show
in either wing. These are probably due to Na I 1, CR II 4
and several multiplets of Fe II.

2825.8 Unresolved line in violet wing, possibly Cu 1. 2824.7 A.

2825.0 - 2775.0 Wings of Mg II I, 2802.698 and 2795.523. Most of the
numerous inflections which ay be seen in the traces "1
were excluded from the Table. Between 2812.7 A and
2810.3 A, the depression below the wing contour is
pronounced. This is attributed to Co 1 186 and 188,
and V II 59, in addition to the lines tabulated. .... S

2821.7 Four partially resolved lines 1ll the region between
2423.1 and 2421.0. These are identified as Fe I 49,9
23.28, Cr II 15, 22.37, Co I 198, 21.74 plus the lines
in the Table.

2711.7 -2705.9 Broad uniform absorption apparently caused by numerous . .,•.,
closely spaced lines. Six individual peaks are re.-.
solved on the trace.

2689.4 - 2687.0 Moderate absorption between 2691 A and 2687 A on which
is superimposed the listed line.

2669.4 Unresolved line in violet wing, probably Cr II 7.

2661.5 Unresolved line in violet wing, probably Al I 1, 2660.39 A.
.- "

2650.7 Unresolved line in red wing, probably Al I 1, 2652.48.

2562.6 Ca I 14, 2564-.07 and 2565.17, probably present in red wing.
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2516.2 See Section VIII for discussion of true intensity of the
lines in this region.

2498.5 - 2496.4 Weak general depression, probably caused by Fe I, Fe II,,~.
and Cr I. but the ultimate lines of B I1lo2497.73 A and
2496.78 A may be present..

2498.0 -2475.0 Large general depressed region apparently caused by many
lines of Fe I and Fe II.

2475.0 2442.0 Large general depressed region. The many lines of Fe I
and Fe II present here are apparently unable to account
for this feature. May be caused by unidentified band.I%

2456.1 The As I 2456.53 line was considered at the suggestion of
Dr. H. N. Russell. The high excitation potential, 6.37 volts,.
and inconclusive evidence for As in the sun make this iden-
tification doubtful without further evidence. Other lines
of As I in the region photographed are badly masked.

2395.5 Possible unidentified strong line at 2394 A.

2292.0 -2200.0 See Section X.
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a.... TABLE III

MULTIPLETS AND EXCITATION POTENTIALS

"Mult. E. P. Mult. E. P. Mult. E. P.
No. Low Multiplet No. Low Multiplet No. Low Multiplet

"Al I Cr It (Continued) Fe U %.1,,

"1 0.00 3p'P°..5s'S 5 1.48 aD-OP
0  1 0.00 a'D-z D.o

7 1.48 a*D-zsD° 2 0.00 a
6
D-zgF.

"- A0 VS 9 2.41 a
4
D-z'DO 3 0.00 a4D-z"P

0

0.00 3's'33 P0  14 3.72 a% -_', 43 0.23 a4 F-at°D "

3 7.39 15 3.72 a*H-zY 71 0.98 a
4
D-z*F"

B 1 20 3.84 a&F-z
4

G* 72 0.98 a
4

D-z
6
P"

1 0,00 2p
2
P

0
-3s

3
S 25 4.13 h

4
G-y

4
FO 73 0.98 a

4
D-z

4 
F

0

C 1 27 4.13 b
4
G-y

4
H

0  
74 0.98 a4D-z

4
0

0

1 2.67 2p' 'S.3s'O 31 4.90 c2G-x
9

F
0  

75 0.98 a'D-z'PI
. 32 4.13 b

4
G-x 4

G° 94 1.66 a
4
P-z4P0  .- .w

CalI
4 0.00 4'S-5.pO Fe 1 227 2.62 a*H-z'G - .

*, 14 1.87 4
3
P°-3d

4
d P 1 0.00 a'D-y'L) 228 2.62 a'H-z'H° &XN.'. :

2 0.00 a'D-v$F
0  230 2.62 a

4
H-z

4 0  ,.

Co 1 3 0.00 aID~zO 248 2.79 b'F-zG" -

2 0.00 a
4
F-yzG

0  4 0.00 aD-z*Go 254 2.79 b'F-y'FO

5 0.00 a'F -y Do 7 0.00 a'D-y'Pp 285 3.14 a
4
G-ztG

0

9 0.00 a
4
F-x4F

0  
8 O.00 a'D-y

3
D 286 3.14 aG-zH""

"10 0.00 a'F-xG° 288 3.14 a'G-z
4 " '. 9 0.00 a'D:-x'D°-

14 6.00 a
4
F-w'D° 10 0.00 aD-x'F

0  
290 3.14 al;-y"F.

65 0.43 b'F-xoD° 292 3.14 a00-z 3
I° -"D"x

'"11 0.00 asD-yTP0 297 3.1 -__2H'1 .- •.

''a 68 0.43 b'Fx
4 F0  

13 0.0 a0D-x
5

p 297 3.14 a
4
G-z'H

0

73 0.43 b'F-w'0
0  

16 0.00 a'D-wD0  
298 3.14 aG -x'G,

186 1.87 b
4P-s 4 D0  300 3.14 a

4G-y
4
H°"-'•. ~~17/ 0.00 aSD-w5F° . . "".•

188 1.87 bP-w
4

P
0  45 0.86 aSF.xSFo 314 3.18 b

2
P-z'G.

198 2.13 aG-tF 86 F-x 315 3.18 blP-z
2

D-2.3 G-.F 48 0.86 a*F-xsP° _Z2 Do --

Co 11 49 0.86 aSF-yIGo 316 3.18 b'P-y
4 DO

1 0.41 4sSF-4p
5
F

0  50 0.86 aSF-z
3
H 320 3.18 bP-z2P

0  lei

4 1F21p4S3 333 3.23 b'H-H" -
4 1.21 51 0.86 aIF-w5

3 2
13 5.99 4p

3
GO-5s

3
F 52 0.86 a'F-wSF

0  338 3.23 b
3

H-z
2

G'

14 5.81 4psG
0
-Ss

9
F 53 0.86 aF-v$D° 338 3.237 bF-z"

357 3.37 FA1
Cr 1 5'7 0.86 a F-x'G° 359 3.37 aaF-zVD-

4 0.94 aSS-woP
0  

94 1.48 a
3
F-u'D° 386 3.75 baG-z'F"

8 0.00 a'S-xlP° 126 2.17 a9P-t"D0  387 3.75 blG-y-G0

9 0.96 asD-y5
D0  

139 2.27 ao 3•-. Do3 2 2 388 3.7/5 b 'G -z 2H° ',-

j... I u .96 a'D-uP° '.'11 (.6 a~- 5 0  174 2.68 a'G-v3 H' 389 3.75 baG-x'G0

17 0.96 a3 D-u3 P0  
9 .5V Y

20 0.96 asD-u
5

F 
0  175 2.68 a•G-x'Ho 392 3.75 bVG-yH° . .,......

177 2.68 a
3
G-s

3G k37b-yF"'
Cr 11 394 3.75 bWG-x
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P ___________________________ TABLE HII (Cont.)______________

Muit. E. P. Mult. E. P. 1Mult. E. P. '
No. Low Multiplet No. Low Multiplet No. Low Multiplet

*Fe 11 (Continued) Ni I 1Ti 11
411 3.87 b 4 D-W4D 9 0.00 a3 F -w'D 13 1.22 a~p-a2 0
443 4.13 c2G-x2H0  10 0.00 a3F -yV 16 1.22 b 4 P-y4 P0

11 0.0 aF-w F0  2 0.00 a4F-_V4 D0

%1 0.00 3 S-33 1Po 7 00 3 - 4 0.00 a F-18I 2.70 33PO..3p2 spo 28 0.03 asD-ysDo 10 0.00 a4Fi-t4FO *'.

4- ~ ~1 0.00 3s2S-3p 2P0  iI .0aDzDI2 4.40 3p 2p0-4s*S 5 1.85 a2F-z 4G0  3 .0aD7D

9 1.85 asF-z 2D0  3 03 aFzF
MI14 0.32 asF-Zal)O

1 2.27 z8P0 -s8D p 1 15 0.32 a$F-zsD0  
.-..%. 4 2.31 3p32P 0 -4sxP 35 1.07 a 3F -y3G0

M nl .17aSZs~ S I59 1.39 a3p-y5D0

ii 340aG- 5 0 1 0.00 3pa3P -4S3 p0  64 1.39 a3 Py9

13 3.69 :tpZS 2 0.00 3ps 3P-3d3 D 0 18 SFw&
5.14 3.69 a5P-ZID0  4 0.78 3p2'D-3d D0  120 1.%aPy

15 4.50Dy~ 10 0.78 3p' 'D-4S~p0  121 1.67 aP-Z 5 S0

138 1.79 aG-x3F0

.- 17 0.00 a7S-z7P0  11 0.78 3pa'D-4s'P 0  143 1.79 a3G-X 3G0  yN 18 3.69 a'P-YsP0  14 1.90 3p''S-5s'Po 2 .7aIz1

27 47 ' 0 eD Ti 1 244 2.50 b3 H-X3G0  
4 .-. r

Nal1 8 0.00 O'F -uID 326 4.27 z5G 0-esH
r1 0.00 32S-5 2P0  43 1.04 a5P-t'P0  332 4.59 ESFO-e'F
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GbAPTR III

TE3 V-2 AS A RIS.AROH VIMICL-

Introduction

Further progroses was made toward improving the usefulness of the V-2
as a research vehicle. The warhead was modified in several ways, larger
presrurisod housing@ were constructed for use in the control chamber, end.
ezperiments were condmited in the idseoctioa. The details are given in
"Section A. Determination of rocket attitude during flight is discussed in
Section B.

* . A. Instrumentation T echniques umpioyed In the V-2 Rockets Sired
on May 15, and. July 10. 194? and. Janvary 22, 1948

by

T. A. Berggtrslh and 0. P. Smith

1. The May 15. 1947 V-2

The instrumentation of V-2 rocket no. 26. fired on 15, 1947, fol-
lowed the pattern used In the rockets of the third cycle. The heavy steel
forward section was replaced by a cone constructed of 1.6 m (0.062 in.)
steel. This cone housed the gages for ram pressur measurement at the nose
tip, two ionization gages sad two Pirani gMaee for pressure measurement,
and two elements for detefmining the skin temperature. A comic ray Geiger • ..

counter telescope was mounted in the forward section of the warhead proper.
In order to reduce the mass of material in the solid eagle vieved by tole-
scope the upper access door was made of 1.6 ma (0.062 in.) steel, and a -," '-
30.5 am z 30.5 cm (1 ft x 1 ft) section between the lower &acess doors was .
removed an.M replaced by 1.6 am (0.062 in.) steel. The ionosphere transmit-
ter me mounted on track members between the lower access doors. The method
was the same as that employed in missile no. 21, fired on March 7, 1947.1
A roll gyroscope was mounted on the gyroscope plate in the control chamber.
Two 1-25 aircraft cameras were mounted in the mideection. This installa&-
tion was identical to that used in missile no. 21.2

Naval Research Laboratory Report No. L3171, Chapter III.

2 Naval Research Laboratory Report No. L-3171, Chapter I1.
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Juts 19- 14 T-"2

'144

altored considerably in order to ~ ~ VS

permit the ieastllation of a very ~ ~
large comic ray telescope. Fig. 9
io a photograph of this warhead. ~
The shell was ant at the level of F
the bottom edge of the lower access#
dooms 40.8 on (ie In.) forward of
the base. The upper portion consist-
ed of a conical alumiam section
1.52 m (62.2 Is.) In length* the 2P~

lower 76.00 on (30 In.) of this cone
was constructed, of 2.5 -m (0.102 In.)
aluminum. The next 81.8 cm (32.2
In.) was made of 1.6 =m (0.064 In.)

&JUNnum A osiivejongage wag
4 mouted at the tip of the cone.

Since the entire warhead seec-
tion was occupied by the cosmic ray .

telescope a&M Its electronics, the x

.. balance of the experimental equip-
ment bad to be 1o~atod elsewhere In

4' the rocket. That portion of the re- ..

malinig electronic equipment which
used, high volta~s was enclosed in a
p ressur'ized housing. The assembly.
is seen In 11c. 10. It was mounted --

in quadrant IT of the control ohs.- *~~~*

ber, as shown in Pie. 11, The pri-
wary power batteries also were
placed in a pressurized container
which was located, In the control
chamber. Squipments which did not
require high voltages, e. g. the
program timer, the telemetering sub-
commutator etc., were not proesur-
ised. Three attitude gyrosc~peo sg .TeJly1.14 aha
were mounted In the control chamber Jg .TeJl 0 97wred
on the main gyroscope plate. The
instrumentation In the afterbody of this missile consisted of a generating
voltmeter Installed in the midsection between the fuel tanks, and a cosmic
ray camera recorder mounted In the tail section. The recorder Installation
was Identical to the one used in missile no. 21.3

A diagram sov~oing all of the wiring for the experimental equipment In-
stalled in the missile by the Nlaval Research Laboratory io givers in Figs.
12 and 13.

-'NWaval Research Laboratory Report No. R-3171, Chapter IV, Section D.
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3. The Janary 22. 1948 V-2 ~ ...- ~ :*y

N-,'

The warhead used on this rocket
was similar to the one einployed. on I4

March?7, 1947.4 Th, only difference
lay In the fact that the forward,
nose cone of the January warhead was
constructed, entirely of aluminum. ~*'..
The warhead is shown In Fig. 14.
The nose tip was occupied by a posi-
tive ion gage which was somewhat
larger than, but otherwise imialar ~
to, the type used on July 10, 1947.
The gage may be seen in Figs. 14 end '

* - 15. The center conductor contained *.

an aperture which made It possible
to make ram pressure measurements.

The nose cone section of the
warhead was used to house the ionoe- i4
phere transmitter and electronic
units for the positive Lon gage and
the generating voltmeter. These are
shown In 7iC. 16. An electronic
unit associated with the cosmic ray

* cloud chamber was suspended from the
bulkhead, separating the two warhead
sections. It Is visible in Fig. 17?.
The remaining space between the war-
head access door* was occupied by
the primary power batteries. These -

are also seen in Fig. 17. Two Ion-
ization gage* and. two Philips gages
were mounted at 900 intervals on a
circumference 12.? on (5 In.) for-

* ward of the warhead base. Two
Pirani gages were mounted adjacent .

to the Philips gages. All of these
* instru2ments were exposed to the at-

mosphere through aperture* in the ...
warhead as shown In Fig. 14. The

rremaining equipments in the warhead.
Including the telemetering suboom- -__

inutator, the program tiser, the
Philips gage battery, and the ionuim-

6 tion gage control unit, were mounted Fig. 14. The January 32, 1948 warboLd.

4Naval Research Laboratory Report go. R-~3171, Ohapter III, Section B.
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on a rack. which was installed as a complete unit in the base of the warhead.
The assembly appears in Fig. 18. The warhead was counterweighted by a 7.6
centimeter (3 inch) layer of lead attached to the base.

The cosmic ray cloud chamber assembly, Including the pressure system,
camera, and batteries, was installed in quadrant I of the control chamber.
It is shown in -fig. 34. The telemetering transmitter and the control panel
for the research equ~pment were relocated to quadrant IV. This change was
necessitated by the fact that quadrant I was almost wholly occupied by the2
cloud chamber equipment. Three attitude gyroscopes were Installed on the
wain gyroscope plate in the control chamber.

The midsection Installation included a generating voltmeter similar to
those used in May 15, and July 10, 1947. The midsection. also included
equipment for spinning the rocket. Seven Pirani gagea were mounted in the
tail section 15 centimeters forward of the leading edge of the fins. Four p .e
of the gages were located at fin I, the remaining three were located at
fin III.

0.04.

Fig. 15. The positive ion gage employed on January 22, 1948.

"-.v
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CHAPTR UII

THU V.-2 AS A R3SERCH VEHICLE

3. Rocket Attitude Determination by Means of Gyroscopes

* . by

H. spits

Aftexat k~wldg0Of heattitude and aspect of the V-2 at all times
durigflight Is essential to proper Itreaioofthe data obtaiasd

In anyof herocket experiments. These data may depend upon the missile's
eangle of attack, upon the angle between some axis fixed In the equipment
and a line to the sun, or upon eagles measured with respect to other instan-
taneously fixed axes. In such cases, the key relations are $boos, associated
with the Sulerian eangles (of. Fig. 19) between a set of orthogonal axes
fixed In the rocket enM a similar set, on the am*n origin. whose directions
a"e fixed In space. Theme angles completely specify the attitude of the
rockct. Beowe &my other e-color Informat ion desired may be determined from
themi.

Gyroscopes are potentially osable of furnishing aspect Information
with a high degree of precision. Furthsruere. this information Is presented
In a form which I* suitable for telemetering. It is not possible in general.
however, to reed either yaw end pitch er the Bulerian eangles directly with
standard, mounting arrangements.

The purpose of the present discussion Is to derive enalytical expres-
aione relating the Dulerien eangles to the angles actually read from throe
gyroscop~es mounted in a rocket In a particular fashion.

Bach of the gyroscopes used In this application consists of a gyro-
w~sel mounted in two gimbals. The gyrowbeel axis Is perpendicular to the
Inner gimbal exis, which In turn is perpendicular to the outer gimbal -

axis. These three axes are oriented so as to be mutually perpendicular at
take-off. The outer global axis is fixed In the rocket. The angle through '"'

which this gimbal rotates with respect to the missile In converted to a
voltage end tolemetered to earth. The voltage is reconverted to en angle
through the use of suitable calibrativn procedures.

N, - Three gyroscopes are mountad In the rocket &s shown in SIga 20. The
outer gimbal axis of one of theme (cf. Fig. 20(c)) Is parallel to the prin-
cipal axis of the missile. This gyroscope moasuresthe amount of roll
directly.

381

Aa

1 1 A 'k7



V

z
(9 INCLINATION
(D HEADING

p'SWIVEL ANGLE v n

.4. *~0

-' ~TN

Fic. 1.9. Thes Bulerian Angles.

v v.4

Jo'

V y N

E
Y I E

Ww -w -N - - w -- - w-N
f'~¾



VERTICAL

46:.

PITýCH I~

YAW

ROLL

137 1:

NOT

-EAST

Fig-21- -2 ocke in aunhingposiion

40~'~

-W-.,".-



The V-2 to axially symmetric. The fact that the course of a normal
flight io toward the north, however, makes it possible to distinguish yaw
from pitch in a manner which is consistent with the usual convention. Pitch
Is defined as a rotation of the rocket's principal axnis (or its projection)
in the meridian plane. Taw in defined similarly with respect to the east-
west vertical plane. This io Illustrated In Pig. 21. The "pitch" gyroscope
is therefore mounted In such a way that its outer gimbal axis is normal to

* ~the meridian plane at take-off. When so mounted, this instrument will read
* pitch directly In the special case where no yaw or roll has taken place.

In the general case, however, the situation Is more complicated. Similar
remarks apply to the "yaw" gyroscope.

The general case may be analyzed an follows. The geometrical quantities
which enter the discussion are all indicated in Pig. 22. Three sets of

*axes are employed, . M a nd Y are fixed In space, X. Y and Z are fixed in
the rocket, and x, y and z are fixed In the gyroscope, In each case x is
the outer gimbal axis, y in the Inner gimbal axis and 2 in the gyrowbe-el
axis. s io fixed In space and, as noted previously, x is fixed in the 2

- ~ rocket and perpendicular to y. while y Is perpendicular to z. 19, N, V and
Z. To Z, coincide at take-off. 6 , and VJr are the Faulerian angles,
between these two sets of axes, OK being the Intersection of the planes ]
NON anid X01. a, b and c are the angfles actually measured, i.e. the angles
through which the outer gimbals; have rotated wl~h respect to the rocket.,

V V V
z- Z z z z

X Y XY Y

-- -x -- KV -. -

I X 
__

E E

(a) 'YAW' GYROSCOPE (b)"PITCH" GYROSCOPE (c)'ROLL" GYROSCOPE

AXES FIXED Ik' SPACE: E, NV *
PeAXES FIXED 11 KET: X Y, Z.

GYROSCOPE xz'X
EULERIAN L.S 1:T
GYROSCOPE READINGS: a, b, c

FIig. 22. Rlocket and gyroscope orientations in the general case.
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In the case of the yaw gyroscope, y must always lIeo in the XOZ plane
(Of. Fig. 2.2a). It is evident that a unit vector in the y direction in
given by

com002A 1+ sin aZ 1  ()

vherb the subscript Ill denotes a unit vector in the given direction. The
scalar product y1 - 2 must vanish. owing to the orthogonality of y and s, .

yj ~ ~ 91 y 1 =,cooa ZI *Vl s1-ina ZI V* (2

The well-known relations5 between unit vectors in the directions of the two
noet of axes Be No V, and X, Y, Z are:

11= (coo coose coo Vf - sin 0 sin' Jr)Al (3)

+±(uin0 coos oe V cosI+os0 sin Vt')N1  *I sie coo tV1

Y1  ( Cos~ coo t, sin tjr - in 0 coo k)1J(4

s( ini coon 0 sin~p +coso coo Vk)N1 + sine1 sin irVI

l= cos@ sine l + sino1 sin 0 NJ + com'e vi (5)

Substitution of (3) and (5) in (2) yields

coon a( sin ecoomkP)±+sin acomo e

* which may be written as

tan a -tan e coon zqr (6)

Similarly in Fig. 22b,

Y,=coomb YJ sin b Z,

a"d

yl *zl y1  V. V co a b Y, , et ib Z, V1  0

Using relations (4) and (5) we arrive at

It tan b tan e sin~r (7)

5Cf. Whittaker, E. T., _A0&LyjjcAj _DziM&ijra, F'ourth Edition, Dover Publiea-
tion., Jew l01*, 1944, p. 10.
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for the roll gyroscope

S71=000 a1l- sin o.

and,
* 1°i 1

which upon substitution of (3) and (4) gives

tan a = tax0 * (8) + t +a

"Solvin equations (6) mad (?) simultaneously for &a d' we obtain
tan e= tana +-tan2 b (9)

tan lp =_ (1o)
tan a

""qiation (8) yields a relation for i .

tano a tan~t V.'
tan ~

Goa e (1 + tsn tan a ) ta.- a

or

~ I" = an (0 - it) (11)

con . .

Bulerian angles characterizing the rocket'* orientation may be determinedby means of equations 9, 10 and 11. 1.

I','..".-
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Introduction

The counter telescope experiments which were attempted In the V-2
firing 0n May 15 and July 10, 1947 were direct outgrowths of the section's *

previous rocket research. The May experiment singlod out the non,-primary
cosmics-ray elactrons for further investigat ion. This component had been
observed during two previous T-3 flights, on January 10, end March ?,
19471. The July experiment came from the results of measurements made in

* the March missile. The Pay 15 wa July 10 counter telescope experiments
are treated in Sections A and B, respectively. The new developments which

weeIncorporated In the electronic equipment designed for these experi-
sent@ are detailed In Section 0.

The first attempt to obtain cloud chamber photographs of cosmic ray
events above the earth's atmosphere was made in the V-2 fired on January
22, 1948. Twelve pictures were taken at altitudes ranging up to the peek
of the trajectory, which occurred at 15?. 9 kilometers above sea level.
live of the photographs were obtained above the 140 kilometer level. One
of these appears In the Frontispiece. The first four in the series bad
good clarity, but a cumulative increase In background tended to limit the

* value of the later pictures. A detailed analysis of the photographs is
now being carried out and will be reported upon when completed. A descrip-
tion of the cloud chamber Is given in Section D). The electronics which
were used to control it, both remotely during pre-flight calibrations
sand automatically during flight, are discussed in Section 1. ~

'V.

1Navai Research Laboratory Report No. R-3171, Chapter IV, Sections A and B.
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* CHAPTER IV

A. The Counter Tolooeope 2xperimont of May 15, 1947

5O-',•, by

B. Rowland, G. J. Parlow awd J. D. Shipman, Jr.

This experiment was designed to furnish further evidono concerning . .

thq' nature of the non-primary cosmic ray electron component previously j j
observed in the rocket experiments. Data obtained in two earlier flights, 0 "
on January 10 and March 7, 1947, Indicated the presence above the earth's
atmosphere of lonizing particle@ capable of being absorbed in a few centi-
motors of lead. On the basis of a hypothesis put forward by J. A. Wheeler,
these particles were tentatively anasmed to be olootrone arising from the
decay of low energy cosmic-ray mesons. Decay electrons having an initial
upward direction would describe helioal paths about the earth's magnetic
field lines, and re-enter the atmosphere within small conjugate regions
havtig goomagnetio latitudes opposite to those of the points of their ."-
origin. This conception of the phenomenon implies the existence of an ..- • .
observable upward Intensity of soft electrons. .:..

The May 15 experiment put the circulating electron hypothesos to a
nore definitive test. To this end, a double counter telescope was designed
and constructed. Three views of the Instrument are given in Figs. 23 and
24 and in -ig. 26. One of the telescopes, inclined at an angle of 45° to
the rocket's principal axis, registered the conventional downvard soft
intensity. The other looked in the opposite direction; i.e. it bad a
zenith angle of 1350 relative to the rocket. A portion of the latter
telescope as it was installed in the V-2 warhead is visible in Fig. 31. Thb
geometrical details of the twin telescopes are Indicated in Sig. 25. This
arrangement permitted the measurement of the relative magnitudes of the
soft components of the upward and downward fluxes. The presence of com-

V parable magnitudes would constitute strong experimental support for the
circulating electron hypothesis. rin,.'+•4

Counters 1, 2 and 3, in coincidence with each other and in anticoin-
cidence with counters X, served to define a downward beam. This beam was
incident upon the first absorber vhich consisted of a 2.5 =m thickness of
lead. Particle* ponetrating this absorber were detected by the next bank
of counters, labelled 4, which completely covered the incident solid angle.
Penetration of the next 2 cm thickness of absorber was similarly determined
by the bank of counters labelled 4'. The counter- in each of these banks
were electronically parallelled in groups of three. Aence, in each bank, a ".
shower was capable of being detected by any oneof the three-fold coincidences
designated by the subscripts a, b and c. As -an be seen from the figure .
the lower telescope which studied the upward boee was identical with the
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The Relative Intensities of the Soft Components of the I

Upward eM Downward Comic Raq y , z Observed. on ea 15, 1947 - -

Tine In- Altitude Zo. of Downwardly Incident No. of Upwardly Incident
te l In In km at -ese av
sooond mean Time in Cm N 4.5 a 1• 4.5 as Pb 0 "
after In Bach at the but not in'kikm~~~oAm ,14"'a m 2la ,-- .15 am P11 2-1 5 I ,te V.A_,, ] 2.!5 em P ''-'-''-

0-5 .03 65.5 0 0 0 0

5-10 .25 4.0 0 0 0 0

10-15 .75 60 0 0 0 0

15-20 1.60 54 0 0 0 0

20--25 2.85 46.3 0 0 0 0

25-30 4.50 36.5 1 0 0 0

30-35 6.60 27.2 3 0 1 0
N

35-40 9.05 19.1 4 2 1 0

40-45 12.05 12.2 3 4 a 0

45-50 15.65 7.0 10 3 2 1

"50-55 19.05 3.5 3 6 0 1

55-60 25.15 1.6 3 4 2 1 ,

60-64.2 30.75 0.68 0 0 2 0
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B. The Counter teeiscope Uxperiment of July 10, 1947

by•. 4-....

The objectives of this experiment were suggested by certain facts re-
. in the 2lcosmie-y e periment of March 7, 194O2. The large num-

showers registered in that experiment
du t he Inreasted on fmtra of hign azotetyr ustomi nubF er ~In fatoe Ie- 14" +"

&tovicinityof the ¥ counter telescope. This material, heavy le lold•.gs
had been Installs& to absorb the showers which were thought to have been due
chiefly to electrons. The March 7 experiment demonstrated, however, that
the showers were considerably more penetrating than those usually generated
by electrons.

The July 10 experiment had as its purpose the investigation of this
primary shower process. The design adopted permitted the observation of
three Important characteristics of the showers, their points of orilgin, their
extent. and their penetrating power,. wo steps were taken to diminish the
presence of unidentified electron showers In the data. lrint, ilnost all of
the lead shielding was removed, and the warhead was constructed of material
having the minimum thickness awd atomic number consistent with safety. See-
ondly, shower protection was furnished by extensive banks of anticoincidence
counters•. These were grouped in such a way as to shed light on the question
of where the showers originated. Th •aesoolaed circuitry had provisions
for the identification of showers of m-a particles. The penetration of the "-.',,-
showers was tested by three 6 cm lead absorbers. These were of somewhat -. .
greater thickness tham those employed in the March 7 design. , .!

The data were recorded both by the tol•notering system and by sames of
a camera recorder. Nifteen types of information were telemotered over thir- 2-"
teen channels by duplexing two of the channels. These data and a time scale
were also recorded by a twenty-ohbannel camers recorder. The noon bulbs
were monomted in a single line rather than staggered. Utherwise, the instr-..
sent was sfilar to the one employed in the earlier flights. 3  Wy, O','-_

hm Jull 10 flight was terminated prematurely and as a result only ainconsmaill qi ntity of datra wa s obtain ed. Theo roesults wer, accordLingly, tnoon-- . . ...... .

elusive. During the period of measurement, however, the Incidence of roe-trot shoewrs ws sign•ificatly loses than In the March 7 experiment. . -.. [

2 'aval Research Laboratory Research Report No. U-3171, Chapter IV, Seo-4on B.

3 ;aval Research Laboratory Report Io. R-3030, Ohapter IT, Section D. -"'
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TRe COSMIC SAT NPRIME".S

C. Bleotronics for the Counter Telescope Ixperiments

by

B. Howland, C.* A. Schroeder.
and J. D. Shipman, Jr.

S...

"The electronic techniques employed in the May 15 and July 10, 1947 roo.
"ket experiments were, for the most part, similar to those used in the earlier
work. They were amply described in previous articles. 4 An innovation was. ,
however, incorporated in the first of these two experiments.

Th electronics chassis Is often mounted. at som distance from the Gei-
ger counters comprising the cosmic ray telesoope. In the May 15 rocket, for
the first time, cathode followers were mounted directly on the sounter tele-
scope frame as shown in Fig. 26. 614 triodes were used in this application
(ef. Fig. 27). The nevow arrangement obviated the need for double shielding
the long leads connecting the counters with their electronics. Instead,
ordinary single-shielded leads were used for this purpose. The main eloe-
tronics chassis may be seen in Figs. 28 through 30. Its location in the V-2
warhead is shown In Pig. 31. a

The modification also resulted in a somewhat larger counter pulse and
in greater sensitivity. The crosetalk difficulties were unfortuntely in-
creased correspondingly. Their effect was minimized by taking advantage of
"the difference in amplitude between the true and the spurious pulses. A
special circuit was designmd for the grids of the input amplifiors. Fach ofthese grids was returned to N'+ through a 27,000 ohm resistor and a 470,000

ohm resistor in serics. The input connections were made in each case at the
junction point of these two resistors, as shown In Fig. 27. The quiescent
value at each of the grids was approximately +0.2 volts, and the qaiescent ,-*._...

.- , value at each of the inputs was apporoxinatoly 413 volts. this grid circuit
attenasted the crosstalk to a much greater degree than it attenuated the
counter pulses. The 13 volt differential proved to be optimum for the pur-
pose of distinguishing between the counter pulses and crosetalk.

A As in previous flights, the number of tolemetering channels available
was loes than required. Bsone. in the Nay 15 design, four of the eight chas.-
nels carried tjo types of Information alternately. Parallel Jumpers, mounted
externally, were used to duplex the output. Coding was accomplished by
doubling the pulse length of one of the outputs in each pair. The comic ray
events were also recorded on a ten-channel camera recorder.

4 Naval Besearch Laboratory Report 1s. R-3171. Chapter IV, Sections 0 and D.
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The circuit diagram of thp cosmic ray electronics employed on July 10 .--

is given in lige. 32 and 33, Your of the events verie duplexed on two of
the tel... towing channels. The large nmuber of events Involving the colar.
cidence 1, 2, 3umade it desirable to dievelop this triple In three indepondent0
circuits in order to minimize crosetalk. The camera recorder employed In
this missile had twenty channels, giving It twice the capacity of previous

* modeles. Thus It was possible to record, each of the fifteen types of events '-*.c
on a separate channel. 
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F ig. 30). Top view of the May 15. 1947 comic ray electronics chassis show-
$ Lag guard grille.

4"

'0 11

Fig. 31. The May 15, 1947 cosmic ray electronics chassis installed in the
V-2 warhead.
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D. The Cloud "hsmber
by.

S. 3. Golian, 0. Y. Johnson, 2. I. Krause

an M. L. Kuder
_% 2' ' , - +.

Oload chamber., one of which the Naval Reseaach Laboratory flow In a
T-2 on Jaenuay 22, 1948, ar often uod to @nve0tigate the oharaoteristics
of elemntary particles occurring singly or In relatively small groups. The ,-,-,

general principles of operation are as follows. A charged particle having
. msufficlent energy ionizes atoms and molecules In the neighborhood of its

path. These nvwl-lonised particles are potential condensation nolei. The
cloud chnmber takes advantage of their presence within it by creating a " "-
suprsaturated gas (through expansion cooling), portions of which condense

upon the ions to form droplet@. The characteristics of the droplet track are
in general known functions of the incident particloes character, chargo, mass,
and speed. To facilitate analysis, the tracks are usually photographed
stereosoopically.

Olaon ohambers as normally used also enjoy the advantages which are
doervable from the gravitational field. The clearing of droplets formed
on u•nchaged maole is due to gravity, Since the V-2 is essentially a froely
falling body after erannschluss, gravltatloual effects are not present In
the usual way. The V-2 cloud chamber used by MML wAs mounted at same dis-
tance from the rocket's axis, and thc rocket wae given a spln. 5 US cer.-
trifusal force associated with the rocket's spin tels afforded an alterna-
tive method for accelerating the droplets relatively to the cloud chamber.

The cloud chamber may be expanded randomly, i.e., without reference to
knovledge of the passage of a partiole, or It may. be oontrolle*d by counters
to expand only when a particular type of event has occurred vithin It. In
the January 22 V-2 flight, random expansions were made; first, bocA-.. -his
was simpler; and, secondly, becamse eutimatos of the flux Indicated that
ther would be many tracke in each expansion.

The chamber which was flown In the January 22 V-2 mas of the pnematl- "
type, 6 in. in diameter and 3 in. in depth. The assembly associated with
it Is partially visible in Pig. 34, and is diagrammed in Fli. 35. The
chamber proper consisted of a glass cylinder closed by a plate glass top i* ,W _

5The attempt to spin the V-2 .. s not completely successful; a period of 29
S seconds was obtained.
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Fig. 35. Diagrm of the cosmic ray cloud cehmber, .:.,
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and a rubber diaphragm bse. An aluminum plate was cemented to this dia-
phbxmg, and the plate in turn ase covered with black velvet to improve the
photographic resolution. A pair of one-oontimeter parallel lend plates
vore mounted in the interior, dividing it into three chambers of aqual
characteristic length. 6 The lead plates permit one to distinguish betwoeer
"different typoes of particles by observing absorption, shower production, .".. .'.

scattering and reduction in loniestion after a traversal. The plates also
"served as electrodes for the clearing field.

A stool housing was bolted to the base of the chamber. This housing, O
which can be seen in Jig. 34, served to make the unit light-tight and also
to provide an Intermediate-pressure reservoir of compressed air for the
operation of the chamber. The mirrors and flash lomps were mounted inside
this housing. The camers and the batteries and condensers used to operate
the lamps were mounted in separate containers at the top of the main hous-
ing. The servo system associated with the expansion ratio control was also -
moimted externally to the main housing, immediately below the cloud chamber. "". "
All of these units, as well as a compressed air storage flask and a wiring

distribution unit, were mounted in quadrant I of the control compartment in ,.
the manner shown in irJg. 34.

?he plane of the chamber made an angle of twenty degrees with a trans-
verse plane of the rocket.

The chamber was filled with a mixture of argon saturated by the vapor
of 0.9 cm 3 of ethyl alcohol and 0.6 cm3 of water. This mixture was main-
tained at a pressure of two atmospheres. -

Expansion was accomplished through moving the aluminum plate by com-
pressed air. The plate's excursion was determined by one fixed and one ad-
justable stop. An expansion ratio of about 1.07 was used. A sohematic
dlagram of the pneumatic system is given in 7ig. 36. Power for the expan-
sion was obtained from a nitrogen flask, charged initially at 2,000 psl
with a quamtity of gas equivalent to seven cubic foet at ntp. The pressure
was ",duood to that actually used in operating the chamber by two Grove
regulattor valves in series. The housing itself served as the lower-pressure
resonroi,. Two Sylvania 71. 333 flash lamps in series provided the l.ht
source for the photographs. They were flashed by three 32 /1 f condensers -
which waors charged by a 3,400 volt battery. The flash time was estimated
at one millisecond. Light from the flash lamps was collimated by a polished .
reflector and a doubly-convex plastic Ions. This arrangment gave two beams. ..- -

'. oeach one inch wide, which were redirected into the chamber by aluminum front
surface mirrors, Four fifty-candlepower lamps were used for visual obser- .-.

vati on.

66
6 the characteristic length is the ratio of the enclosed volume to th.
enclosing surface. The rats at which a chamber's atmosphere cools is a
function of this ratio. 'S"*

61"

-w w'~ -w "-w w w .' .. w -0°,'

-. . * . - -

- - .- . - . . . - : . - . . . , - ,. . : , - -

: ,."..-..-..... , .--..-. ,-., . .... ,,. .,,..,. :.,.,.• •, -. - .. ,-..,.- .. .--- :,,:S,-*.. . . ..'-- . ,h *-.5 • ;: : •• ,_ .5.. _•



Joo

crgt

0rc _ 

IIu u Il

(.9 
0

-~QLd 
(n V) 0

I- W 0

_Cf 
- wu ir F

Zo 0 lo
20

0.J L

WL1r
0

-J ILLJ L- I1*-V I Ix-
IL W 4445> =L -LI

a~~ .. -0pa..

w z

I **. - .--



3A 5 mm Argus model A-" camera was modified for the purposes of the ex-
periment. It mounted a two-inch f/4.5 Vollensak enlarging lens. The camera . ,Sice~wa used without & shutter. Eastman Linograph ortho film aud an f/5.6 set-.•---'''':''
ting were used. An aluminum mirror, appropriately mounted, was used to | I

•...., provide the second image for the stereoscopy.,

.... • ~~The chamber was cycled once every tWenty-fiTO seconds by the control --.---. "
•..• ~electronics mounted In the warhead., This equipment, designed and construc- •....."

ted especially for the purpose, Is described in detail in the next section .....-
"1A complete cycle of operation was as follows. The cycle bega with the re-.

moval of the clearing field. Approximately 0.05 seconds later the expansion
"was initiated. A mechanical linkage caused the resulting motion of the cham-
ber diaphragm to actuate a microcwitch which controlled the flash lamp cir-
cuit. The lamps flashed 0.15 seconds after the expansion, exposing the " , -
"film. Recompression of the chamber began shortly afterward. Simultaneously"with this, the clearing field was reapplied and the film drive motor was -' -started. This motor was wtopped, five to seven seconds later, when the

advancing of the film counter momentarily opened the circuit. The remain-
..do of the cycle was set aside for the clearing of the chamber.

The rocket motor is usually found more or less intact in the impact
*, wreckage. Accordingly, a length of half-inch steel elevator cable was

"threaded through the midsection and anchored to tthe motor. The other end
of the cable was attached to an eyebolt on the camera case, and to a one-
inch steel bar supported by extensions of the battery case. These latter "
anchoring points are visible in Fig. 34.

The rocket came apart much later than usual in this flight. When it
did, whortly before impact, the warhead and control chamber broke away from
the rest of the rocket in spite of the cables. These were severed. The

Swarhbeal amd control chamber entered the earth nose first at about twenty
degrees from the vertical. They dug a clean crater about eight feet in
"diameter and six feet deep. The cloud chamber was totally destroyed, the
camera's container was broken open and the camera itself was smashed. The
film cartridge was found after two feet of earth were excavated in the'.. region of the control compartment which had been occupied by the cloud
chamPtmr. %Ta crater appearL in Fig. 3 of Chapter I, and the remains of the
camera container and parts of the cables are shown in Fig. 37. Several
"breW: in the cables may be seen.

The film was successfully developed and a number of acceptable photo-
graphs were obtained. The analysis of these is now in progress.
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CHAPTU IV

TRE COSMIC RAT WIFRININTS 0

N2. Uquipment for the Automatic and Remote
Control of the Cloud Chamber

by

C. Y. Johnson, M. L. 1 uder
,well an C. A. Schroedor

1.* The Autoatied CoAtrQ1 2=1=221~n

The proper operation of the cloud chamber required the occurrence of
a number of events according to a predetermined sequence. This sequence, or .- 5.cycle, of events was detailed In Section D. It was cooitrollied automatically
by means of electronic equipment i'hich was specially designed and construce- -ted for tUe purpose. The equ~ipment included circuits for both counter-con-

* trolled cycling and periodic random cycling. Only the latter circuits wereused during this experiment. The equipment also bed provisions for check- 5*'Ing the operstion of the chamber during flight by means of voltages recorded
on the telometering record,

The self-cycling control circuit which was used In this experiment is
shown in 1 ig. 38. It was a modified, cathode-coupled, blocked unitivibrator,

-~ consisting of the tubes labelled V-1 through V-4, end V-7. V.3 and V-4
ware normally con~ucting; V-2 was normally non-conducting. V-? supplied a. - 5.-fixed 75 volt bias Iwo V-i, the trigger tube. Relay I was used to select 5eit~her countor..e(ontrolled or periodic cycling. In the January 22 experiment
it wans operated energized, allowing the circuit to act as a freely-runnnlzg
sultivibrator with a pe-itod of approximately 25 seconds. The period could
be'vai~ed by adjusting the value of the resistance In the discharge path of
the (grid circuit of V-1. Provision was made to do this remotely by means
of relay 3.

The typical sequence described In Section 1D was controlled'by the
c2.ectronics as follows. V-1 conducted, reversing the multivibrator amdenergIr~ng relay4 In the common plate circuit of the V-5 and V-). This

remoed h6 leaingfield and de-energized relay 5. The la~tteJ yas a
dely rlaywhich opened about 0.05 seconds later, energizing relay 6.K. This action opened the expansion valve, closed the compression valvo and,iai turn, elaergized relay 7. When the diaphragm rearhed tho proper point In9Athe expansion, it mechanically closed a miorosvitch which, in tnrn, closedrolay 9, The lat~ter action connected the grid of V-0 to 13±4 through an r-c ..-circuit. Tbe cathode of V-8 was biased at +90 volts.. Its grid reached

Wp;oximately this level 0,15 seconds later and the tube conducted* Theenergy stored In the flash lamp condensers was thereby released, flashing
the lamp*. A second contact on relay 9 broke the B+ lead to prevent the0~' circuit from oscillating.

-.
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The control multivibrator returned to the normal state after a short
period. Thereupon the cycle of events reversed. Relay 6 opened, closing
the expansion valve and opening the compression valve. Relay 7 was a slow
release relay, hence the opening of relay 6 also energised self-looking re- I el
lay 8. This started the film winding motor. A switch at the camera broke
the holding connection on relay 8 and stopped tas motor at the proper time.
The grid of V-1 then continued to rise toward -70 volts during the remain-
der of the cycle.

Indications that the chamber exanded, the lamps flashed and the film .

&-dvanced in each cycle were telemetered to the ground station. A 100 ohm ---" "" t'~esistor in the grid return of the flash lamp batteries was used to furnish'""""

a positive voltage to telemetering during the charging of the flash storage
tcondensers. Suitable deviers placed across relays 8 and 9 gave dteo func-"s

tion indications while the film was advancing and the chamber was expanded,
re-ect ivel7. .

"The circuits permitted the manual operation of the cloud chamber during
the testing periods before flight. Provisions were included for a longer
expansion time, for disconnecting the camera motor, and for the use of con-
"tinuous illumination (by means of ordinary incandescent lamps).

"2. The Remote Control E3upgment

The cloud chamber was more sensitive in its operation than most of the

. instruments used in the rocket studies. It was, therefore, particularly
important that it be possible to assess its performance and make certain
critical adjustments in the crucial period immediately before the firing. "
The nature of the rocket operations was such tkLat these evaluations and ad-
justments had to be made remotely, for the most part. Accordingly, remote
control equipment was built and installed to permit the study, operation
and regulation of the cloud chamber from the blockhouse.

The apparatus consisted of a unit installed in the blockhouse, circuits
in the rocket and a fourteen-conductor cable conrecting them. The equipment
is illustrated in Fig. 39. The cable entered the V-2 at a pull-eway plug
in the tail. A schematic diagram of the unit appears in Fig. 40.

Two switches on the console panel twere connected to relay 2. making it
possible to cycle the cloud chamber either once or continuously. The most
important part of the remote equipment was the expansion control unit. This
made it possible both to determine what the expansion ratio actually was,
and to change its value. The mechanism controlling the exnansion ralio o
also determined the settine of a potentiometer in the rocket. An identical
potentiometer was mounted in the blockhouse remote control unit, and the two

VOW were fed from a common voltage supply. The two potentiometer aras were con- I .
nected through sensitive directional relay 18, two oppopite contacts of
"which were, in turn, connected to pilot lamps. *hen the two potentiometer
arms had different settings, either one or the othe5r of the pilot lamps
would be lit; when they had identical settings, neither lamp would be lit.
Thus the balance (or unbalance) of the potentiometer bridgie circuit was
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S reflected in the balance (or unbalance) of the relay and the pilot lamp '"+',:.•,,

,. indicating circuit. By moving the potentiometer arm in the blockhouse and ..... ,;y
"N observing the balance point as registered by the pilot lamps, it was possible .....

+• to know,, in the blockhouse, the expansion ratio setting in the V-2. •"•+

"• Remote adjustment of the expansion ratio was accomplished by means of
Fgthe same circuit. The aums of relays 16 and 17 were also connected to aco

",, reversible d-c motor which drove the expansion ratio screw and indicating - ""
potentiometer through a gear train. When the relay was unbalanced,d the

"ndtor couid be started by a switch at the blockhouse station. The direction
oeof rotation was determine as registerd by thewas always such as to decrease

N the difference between the settings of the two potentiometers of the bridge.

eea
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potentiometer through agertrain. When the relay wa, unbalanced,- ,,.-th

motor.•_ 'n'__.._•- coul be ,--- strted by .a -switch at+- the, blockhouse+--'-. station. . The. direction.. ,,-",",".". -. ". • "-'..'
of rotation,..-..,+, was.,.-,-, ...... detemind .b the rela and w... always+.' such-. as to decre...--,..-ase+. -....
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When the balance was re-established. the bridge relay assumed its neutral
position. This opened the power circuit of the motor, stopping it auto-
matically. Thus, it was possible for an operator in the blockhouse to
cause either of the two bridge potentiometers to duplicate the setting of O @1
the other.

The remote control equipment also indicated. by means of relay-operated
pilot lamps, whether the chamber was in the expanded or compressed state,
and when it changed from one to the other. The unit included a counter -
which could be switched into the circuit to record the total number of ex- 0 0O
pensions occurring after any given time. Provision was made for reading
the temperatures at two points on the cloud chamber. Thermistors, embedded .
in the upper and lower rings of the chamber, were connected to the block-
house where their resistances and the corresponding temperatures could be
ascertained, The meter shown in Fig. 39 indicated the value of the voltagesupplied to the equipment in the rocket. ,

Several error preventing provisions were incorporated in the remote
control equipment. For example, the changing of the expansion ratio while
the chamber was expanded might damage the gearing. Hence, power for the
rocket expansion ratio control motor was suplied through relay 11, which
was closed only when the chamber was in the compressed state.

The remote control equipment made it possible to make all the necessary
adjustments to the cloud chamber from the blockhouse during the critical
period Immediately before the firing. The electronic control equipment
installed in the rocket operated the cloud chamber automatically throughout
the flight, and furnished indications via the telemeter of the satisfactory O
performance of the various key components.
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CBAPTUM V
GE3MOI FACTORS wD3=TDG 0OIIDUCZ COMONTING

WITH G•IGR OOTWf- -

by 44

R omer 1. 1lowll, Jr... .''

The ooinoidence rate of a perfectly efficient two countertelescope embedded in an isotropic field of radiation is ob-

ta.ned in terms of the radiation intensity and the ef.ective
"dimensions and separation of the counters comprising the tele-
scope* By means of the formulas the counting rate may be lo-
cated between an. pper and a lover boundL which In most prac-
tioal oases differ by only a few percent. The Information /

embodied in the formulaei io also presented graphically In a :

form convenient for ready calculation of the ratio of coin-
cidence rate to radiation Intensity once the efi~ective d~men-.
clone and separation of the two counters are known.

-4-4. 1. Jzb~nd • -.--.----
1. .t,,,n..o. n

The coincidence rate of a counter telescope depends not only upon the

intensity of radiation In the surrounding space, but also upon the effec- -'.'
tive dimnsions and efficiencies of the counters and upon their positions
relative to each other. Formulas are obtained below which give the coin-
cidence rate of a two counter telescope in terms of the various quantities - -
listed above. It Is assumed that the counters are identical right circular
cylinders, the effective dimensions of which in practice are to be determin-

.4'.' ed by appropriate calibration, and that the cylinders are placed parallel -.

"to each other with the line Joining their geometric centers normal to the % %
axes. By means of the formulas the counting rate may be located between an

upper and a lower bound which in most practical cases differ by only a few
percent. Curves are provided, by means of which the calculations my be
effected graphically.

The formula for the counting rate N2 may be put In the form

12 = GI,

where G is a factor depending upon the geometry of the telescope and upon
the character of the radiation in which the telescope is embedded. In the
case of an isotropic distribution of radiation, I is the Intensity of the

*This was published in The Revievyof Scientific Instruments. Vol. 19, p. 384

(1948). Shortly after publication, however, an error was discovered in
FJgs. 5a and 5b. Corrected figures are given here.
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radiation. If the radiation intensity varies with zenith angle in accord-
ance with a cosine squared law, then I coo2 ý is the radiation intensity.
Only the former case is considered in the present paper. The latter case
"will be treated in a later paper.

2. Prelitntarg &tnamtpn

The drawing of Fig. 41 shows two orthogonal projections of a two ...

counter telescope. As indicated, the counters are equal right circular ...- :.
cylinders. The projections on the left and right of Fig. 41 are made re- - * ]

spectively onto planes parallel and normal to the axes of the counters. The ...-.

axlso 1AI and NA!A' are parallel to each other and normal to the line
OC0' join•ng the geometric centers of the cylinders. It is convenient to
think of CICO, or VV, as vertical, in which oase H'H' RON" and the counter
axes are all horisontal.

V M LL V

10'.

' H-A ---H

A..-. ."rt. H d

H ' - H-,-".

4- rI.O j-O

A OW

(a) (b)

Fig. 41.
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"The four planes LL, L°Lo, MM and HIMe' form the boundary of a prismatic -- ''.
tube as shown In It.. 43,in which the labelling of fig. 41 to retained. T"-
parallelogram 1X7G is a right section of the tube. On IM1 the two counters
have a common projected area 0 , labelled JUG in tho drawing.

Angles a and f uniquely specify the direction of the edgeo of the
"prismatic tube. Henco they likewise serve to fix the direction of rays
which travel parallel to the edges of the tube. Assuing counter
efficiencies of 100 percent, such rays give risa to coincidences if they
travel within the tube and cross the area 0 . By ibUing for a unit time .
all such rays corresponding to the dIfferent values of a! and 8 betweeun
!eitab~l limits, and correcting for inefficiency of the telescope, the
coincidence rate of the telescope can be determinod.

* ~3. A frNM fgr the cainila rt * .,.

The number eJX2 of registered coincidences per second caused by rays
coming from a small solid angle dZ about the direction [ a,/3 ] to given
by the relation

3.1) ed 2 =eI(1 !, 6 ) c.8.i d Z cg, 38

where I ti the radiation Intensity, and where a has the meaning assigned ."."..
to it in the preceding section. The quantity edJl is composed of the nun .-. ,-.

ber d02 of rays traversing both counters multiplied by the efficiency e of

""' the telescope. It to assumed that the telescope to adequately shielded -

against lateral irradiation, so that the number of registered coin•,idences
is directly proportional to d2."

Integration of dN2 over a suitable rang. of values for Cl and fi
yields the number N1 per seoond of rays which traverse both counters and '.

come from a specified solid angle X Generally, the last three factors
on the right of 3.1) are functions of cc and 8 so that the expression for
N 2 takes the form

Na • =f z•aF . .''...-.

When the radiation Ist isotrcpic, however, I is constant and may be removed ,
from under the sign of integration. In such a case,

1= I Ja dL

O The integration in the above formula is carried out below to obtain
the total coincidence rate of a perfectly efficient two counter telescopQ
in a regioi of isotropic radiation. For this case the solid angle Z in-
eludes all directions. The actual integration does not always extend over -

the completo sphere, however, since a vanishes for all directions [ c,. I
5 for which no rectilinear path can traverse both counters of the telesoope. too.-
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* N•io,.r. the symmetry Involved It such that the integration can be carried .-. ,_...
out over a single octant. Yhus, finally, the expression for 12 is

12 81 or d
0 0

where both Oto and flb lie between sero a 7r ...*

4. !hg aolid -- lpE in toe, m f ata nA

To carry out the Integration of 3.2) it Is necessary first to express -"-,
0 aM d L in terms of C and . The latter may be so expressed simply by

employing a suitable transformation from familiar spherical polar coor-i-
nates S and 0, in terms of Which ic

dZ =sin eda ..

Both sets of coordinates are shown as ares on the sphere drawn in JIg. 42,
from which it may be seen that

e= aroctn (coso c tan )

It follovs directly that

'.. e,) - coo ,.

and tha t Oo.)lsnd sa

4.1) sin 0A coo "-',"-.

1- sIn2 C @In 2 - "

inzally. o~mblning these, the expression for d t is obtained:

4.2) doed Ccs ddafir3
- I~l - s- " sin3

,-

1 .- tn2 ,io -@- ..
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Fig. 4~3 c.ombines the ma~torial iepicted iu Yigs. 41 and 42 Into a single
three diminvicnal drawing. The iabelling in F'ig. 43 coincides with that of

.Zi. 41 and 42 wherever common element* aopuir. For ext-Aple, In all three
f£ig4irev MM represents thie sawse lin4. Similarly 'MIN$ 1 LL., L IL ' HAIHAI .
A!I~ a'' re each permanently associatiid with a definite

geometric entity.

The prismati.c taibs of Pig. 42 appsars Wian In Fig. 43. In the latter
caose, however, both caounters of the telescope &trs shown Ini the relation-
ship they bear to the tube& As in Jig. 42 the right *scteIo2 of the tube Is
labelled PEI'. The "abad~ow" cast by the upper touanter onto DLPM1 It, DZPGD.
It is obtained, by orthogonal projection of D~'EPIG'I cut* DBIVk. Similarly
the shador cast by the lower counter is METJZ. The interes',c'tion of th two*
p&r%;ections io J.EPG, the area of which Is the quantity 0 of 3.2). For the
discussion be~low it i.. convenient to express this &za In the form

a=area (J~)+ 2 x aroea (PGK).

The quadrilateral JVX is a rectangle the -idth PZ of which Is equal
to PIK. By reference to Fig. 41 It is readily verifisd that~

The length QY of the rectanglv io given by

= tcoo (angle betw*een He HA! and ~T

(projection PP'R"T onto PT)

Vi7th the aid of Fig. 42 it may be shown that the angle betwetn HA!"MA! and
q.T is -f -e .Also, PPI and ROT are both perpendicular to PT. Hience

Jo1 in e - (projection of PIRO onto PT).

Tna angle between PIRO and PT is 0, and P'R' a coe a Using 4. 1)
It follows that

loin e -a coon c cos 6

5 ) co s Co a in1
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},'0"oTh'us '",'"-

-- e, (JQ)-- a2•s ince) (A Coss -cosu ,ain. -

1 - sin a stcan•, '.

Twice thm Tsa (PGR) is the projection of twice the area (PeG°K)
% "L'•" oto the Plane CO a Hance .. . .

2 r area (PGK) = 2 x are*. (PG'IK') coo j-- i

""si-a the anle between HAO!A' U ani the edge of the priomatic tube is 0, and.
bince these are normal. respectively to P'GIKI and PGK Twice PGIK' Is

0 W,. , simly a seoment -of hiight d - a @in Cotat from a circle of &iimeler d. The
:'.V,. area of much a segment in easily obyaa•.ed, and as a r'esat

22

S.,.- 

-Finally

52). ,• a = - = inaa )( A cos a coe sa -

siza sm28FaY4

"2

"ae, + 1 2 sin 0 u sin - gin• Cos]Ce sin -

22

i (6 -"2'in.' ->I33.

6. The limits of Integration Cto and.80

7oo" , •.. ., .. %:

The expreseion 5.2) for a in not valid over the whole range of values
for a and.j. If a~ be fixed. and 8 be mad.e to increase from zero, the area

"a changes as shown schematically in Figs. 44a - nf. Starting as a
rectangle, a passes first into the form of 44a, then into that of 4b in
which the rectangle QJPJ bas collapsed into a line. Aa ft continues to
increase, line PK passes over WJ and the rectangle begins to Increase In
area again as shown in 44c. For the case d~epicted In Fig. 44c, a is
given by-

6.1) a area (Eq.j)+area (Ma) -area (QPLT)

"Note that the expression 5.1) for QIP actually gives the lemgth of aPewith a
negative sign In the cases depicted. by Fig. 44c. As a consequence, 5.2)
automatically passes over into 6.1) as PK crosseso n,"

e':'-'. 78 .s . _. -...
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Formnula 5.2) con•tinules to beo valid, for 0 !1,111:11 9 ]has inc¢reas ed, to 81} such.4. ,.'.
a •manitude •, that P coincides with 3, and J with G. Jor all fi greater

passes over 3 to it. left. and. " ta~kes the foru ashown in Jig. 44.. bounded
by portions of th. arcs A. nd, 1•o When • and • have completely croised . --'---'-

over each other to become tangent as in Jig. 44f, (T vanishes and. the,.,,...- ...- ,
core ndn value of • is the upper li~it of integration ini 3.3). --- ,

: • ', ~'-_-' !._,- w -'..__- ."-'_,:w .. .. w -. ,' - wP ..... •" , . . . .. w - " • ............- O . . .
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Tho Integration limit,09 is given by

6.2) Oto~ ,~6*
a9-.

To obtain simply set Q? +KXG equal to zero and. solve for, . It
is to be remembered that W? is negative, whereas XG to positive. Thus

ACOG~S 00 cOs @in0,@ + K'GI coso * 0.e

/1-sin 2 at siii2jf1 --

* ~Replacing K'G' by__ ________-

sina -- sin2ct

asin us. of 4.1), and solving:

6. 3) eiot)arcctnf2 [cooa ce - 6 inc .sin2 c

Fina~lly. fl0 cau be determined with the aid of Fig. 44f Froum symmetry
considerations It to plain that W, the point of tangency of NJ and P IsL2
the geometric center of the rectangle PQJK. The length of PQ istherefore,
twice the leneth of XW~ prcjectod onto the right section. of the prismatic
tube, where XI is the midpoint of PIK, VI.W Is parallel to K'GI, sand VO
lies on the are PIG'. Thtrs

acos2 a sinfp - cos~ efl coo a *in,& 2 si a

1- in2 Ot sin2j 1- sIn2 C i2 fiU2

6.4) flo 0 a aractn coac Va"aSn

J - s444 1 c-IT -- in-Jw JW

% %.
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7. The coincidence rate of the two counter jeloseoo.. .

Rewrite 3.2) as followl.

12Le 2. M ~ 8{++ dL±f~. } 0 "-a +
J. 'P I_ --

.,- •.. ,--
0 or0

0" "

A12m+ Bj 7
where a* 6c , )Is gi~ven 'by 5.2).

The information collected in the foregoing sections makes it possible

L This may be seen by reference to 4.4), 5.2)0, a 6.2)-7.2).

The integration of 7.2) has been carried through numerically for the various
values of 6 and A . Fig. 45 presents the results graphically in the form

of a plo of 12M/aI versus 5 for a number of values of A

The quantity 12MI exceeds the actual ocinoidenoo rate NO , but by a

relative error no greater than

- - ."-. -'- .'

'.---,4.°- ...

A plot of 100 versus 6 appears in Fig. 46.

The author wishes to espress his thanks to Miss Eleanor Preusly for
performing the numerical integrations of the present paper.
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CHAPTER VI

ATMOSPmRIC STUDIZS AT VERY HIGH ALT ITUD25

Introduction

The section's program for the stud7 of the upper atmosphere yielded
results up ti altitudes of 130 kilometers furing the first four cycles of
Y-am firings. Further measuirements of the pressures iu the upper atmosphere A
were atkepted In the 1-2 flights of May 15. and July 10, 1947 and
January 22, 194, The first of these rockets exploded prematurely at
about 33 kilometers altithade. As a r~esult, no data were obtained in the
region of Interest above balloon altitudes. The measurements which were

* ~made up to 33 kiloimeters did agree within experimental error with balloon '

measurements which were made fifteen minutes after the r'ocket flight* This
* served an another check on the validity of some of the rocket techniques.
* The maximum altitude reached by the July 10 V-2, aut down for safety rear-

sons, was only 16 kilometers. While the flight contributed little of
direot value to the atmospheric studies, It did serve as the first test ofWI*
a new wire accelerometer. This Instrument io described In Section A. On

January 22, for the first time, measurements of atmospheric pressure were
made in the winter season at very high altitudes. These midwinter readings 2
are discussed in Section B. They are also compared there with data
obtained In previous rocket studies*

'Of. Naval Research Laboratory Report No. B-2955, Chapter III, Sections D

and Z; N1aval Research Laboratory Report No. F63030, Chapter IV, Section B;
and Naval Research Laboratory Report No. R-~317L, Chapter VII. *..-

L ~- 87

I~L. * ~'w - IMF:-wW-.w w- w-.w



A- ,A, .•

CHAPTER TI

-- ATMOSPHERIC STUDIES AT VIRY HIGH ALTITUDES

A. A Wire Acoelerometer

by

R. J. Havens and H. 1. LaGow '

A wire accelerometer was installed in the July 10, 1947 V-2 in order
to measure the accelerations experienced by the rocket during the burnin-g-
period, end to determine as accurately as possible when Brennsochlus
occurred. Commercial instruments usually employ amplifiers and are not
designed to withstand the vibrations and temperatures encountered in a ,.

rocket flight. The wire accelerometer was chosen for this application
since it was simpler and more rugged, and its time constant (0.5 seconds) "
was short enought to allow reasonably accurate measurements, yet long
enough to filter out the rocket vibrations.

The instrument's principle of operation ti simple. Under the proper
circumstances, heat is exchanged between a wire and a gas of different
temperature by means of convection currents. In general, such currents , .
will exist only in the presence of a field of the gravitational type. The
rate at which heat is exchanged is a function of the rate at which the gas
is accelerated relatively to the wire. The resistance of the wire is, in
turn, a function of its temperature.

The instrument used in the July 10 rocket consisted of a 1 nil platinm....
wire which was mounted coaxially with a brass cylindez'. The cylinder was
6 cm long. had an inner diameter of 1.5 cm, and was sealed at both ends. ".' -

The chamber contained air at atmospheric pressure. This unit was placed
in series with a 94 ohm dropping resistor across a 24 volt battery. The
resistance of the platinum wire element, and the voltage drop across it, -...- *

were functions of the relative accelerations of the wire and the air .
molecules within the cylinder. This voltage was telemetered to earth. -,

The instrument was calibrated directly, by means of a centrifuge, for 9 '-

values of the acceleration which lay between 1 g and 8 g. An indirect
calibration method was used for accelerations less than 1 g. The wire was
maintained at a temperature 3000 C above ambient. The resistance was
measured at several pressures between 1 atmosphere and 0.5 atmospheres.
The radiation and conduction losses were sensibly constant since the tem-
perature difference was constant. The convection losses decreased with the LIP
pressure, however. The corresponding curve was extrapolated to zero
pressure to furnish an estimate of the resistance of the wire in the ...--

absence of convection losses.

% "o %% %•
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,... •oTh wire Scelerometor hae seoveoa fetuaroe which zonder it partlcunlsr• -'y"
m sefol for rocket studies. It does not require an anmplifier. It is small,

reasonably ,-"oggod, and easy to construct ant install. Its sensitivity can ,."e
•" "" be increased by filling the cylinder with heavier gasmes (e.g. ar'gou) at "••ii•-

"•higher paeswurem, Ph. qualitative d~ata obtained vith the accelerometer ".""',i
"" during the July 10 flight ixndicate thai thes, advantagoes ro feal and that .'",!

"-the instrument will perform satisfactorily in the V-3, ""-•."
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A..OSPHRIG STUDIES AT VERY HIGH ALTITUDES

B. The Pressure and Temperature of the Upper Atmosphere
on Jamry 2, 1948

by i --.

1. R. Best, D. I. Gale. I. J. Haven*
and H. U. LaGow

% Pressure measurements were made between the altitudes of 23.9 and 128
kilometers during the January 23 --2 flight. A considerable number and"",
variety of pressure gages were used in the experiment. The Instruments
were similar in design mad construction to those employed on October 10, ,.-.
1946 and March 7, "1947.2

Nine of the pressure gages operated satisf•utorily and gave good data
during tbh flight. The locations and the pressuro ranges of these gages
were as follows:

Pressure Range
a3

Pirani 30 - 10 Tail fin I
Pirani 10 - 5 Tail fin I

, Pirani 10 - 5 Tail fin III
IPrani 2- 0.2 Tail fin I

?Irani 2 - 0.2 Tail fin III
PIrani 10-- _02 Tail fin I
PIrani lop- - lO-2 Tail fin III 4.-.. -,

Philips l0-3 10-5 Warhead base
Philips 10-3 - l0-5 Warhead base.

'., 20f. Naval Research Laboratory Report No. A-2955, Chapter III, Sections D
-- and 1; Naval Research Laboratory Report No. &-3030, Chapter IV, Section B;

and Naval Research Laboratory Report No. R-317l, Uhapter VII,

3The PIrani gages were mounted on a circumference of the rocket 15 conti-
meters forward of the leading edge of these fins. One of the Philips gage.
was mounted in the half-plane of tail fin II, the other was mounted in the
half-plane of fin IV. The access apertures may be seen in Fig. 14. The ,-
warhead surface was truncategd conical in this region, the elements makin'g
an angle of 110 with the missile axis.

"'"90 lop'.,.',.,

'-.'•, .,. ,...,...,

"_O" .
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Ionization gages were also mounted on the same circumference as the
Philips gages (cf. Fig. 14, Chspter III, Section A). Had the former gages
operated, each of the types would have served as a check on the other. The
ionization gages were sealed in the Laboratory to prevent the filaments from
oxidising at the relatively high pressures obtaining in the lower atmosphere. ' 0
The seals were to have been broken at the proper altitude by an automatic
device in the rocket. Only one of the seals was broken. The exposed. gage
gave pressure readings which were much too high, however. This may have
been due to air escaping from the warhead into the gage chamber.

The interpretation of the data is made difficult by the fact that the ,
rocket motion after Brennschluss contained an unusual amount of yaw and
pitch. The actual motion is not known precisely as yet; hence the results
presented here are provisiozil, particularly for the altitudes above 70
kilometers.

The rocket had a 29 second roll period after Brennschlues. Because of
this, the readings of any particular gage of a pair mounted on opposite
sides of the rocket were duplicated approximately 14.5 seconds later by
the other gage of the pair. The two gave the same readings at certain times
during the flight. At certain of the quadrature times, however, the read-
ings of such a pair actually differed between themselves by a factor of
500. This was due to the yaw and pitch of the rocket. The erratic, and -
as yet not completely known, rocket notion has made it impossible to relate
accurately the pressures read at the crossover points to ambient pressures.
Estimates of the true pressures may be made, however, on the following
basis. The Taylor-Maccoll theory asserts that pressures along a cone are ,-.
greater than ambient by a factor depending upon the cone angle and the 0-A
relative velocities involved. The factor appropriate to this experiment
was 1.5, provided that the rocket's axis and velocity vector were collinear. .*. ..--

This was obviously not the case when gages of a diametrically opposed pair . ..

were nov reading equal pressures. Therefore the factor was less than 1.5, .
at crossover points, due to the decrease in ram pressure. During descent -
observed pressures could be greater or less than ambient by as much as 50%,
since the rocket might have been falling either nose first or tail first.

The January 22 V-2 took off at 1:12 P.M., M.S.T. The pressures ob-
served during this flight are shown in Table V and Fig. 47. The consider&- -."
tions of the previous paragraph were not applied in detail to these results " "
since rocket aspect was not known as a function of time. The data were
corrected for the time lags of the Mages, however. The errors indicated
are those associated with the gages themselves and with the Interpretation
of the telemetering record. Altitudes were determined from radar informa- .,* ":
tion and are accurate to about 0.5 km. The points shown at altitudes
above 90 kilometers were derived from the Philips gage measurements made at

I the times when both gages of a diametrically opposite pair read alike. The 6.0. :ý,IV
last three pressures listed were measured while the rocket was descending.
For comparison purposes, the pressure curve drawn from the March 7 data is
shown in Fig. 47, and values taken from it are given in Table V.

. ", -] "-","-•
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Two balloons equipped to measure pressures were also released on .
January 22, one at 7:45 A.M., X.S.T., the other at 1:45 P.M., M.S.T. The '0',

latter balloon read pressures up to 14.4 kilometers altitude; the former
to 22.3 kilometers altitude. These values are also given in both the table 0
and the figure, together with the results of similar balloon measurements

.• made within an hour of the March 7, 1947 V-2 flight.

Temperatures were determined from the variation of pressure with

altitude by means of the following formula:

T = ( H ,-H),*...

S-" ° " "• " " " . fl i'

where P1 and P2 were the pressures at altitudes HR and 92 , respectively,

and both T and g were referred to the arithmetic mean of these two altitudes. "
The atmospheric composition at sea level %as s*med throughout in the
temnerature calculations. The temperatures obtained in this way are plotted
in 1 ig. 48. Values for March 7, 1947 are also given. Tha January 22, 1948
data were insufficient to allow the calculation of temperatures for the
"strata above 70 kilometers. The mean temperature per kilometer of altitude
in the region between 75 and 120 kilometers was calculated, however, and
found to be 2300 K.
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